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INDUCTION 


CHAPTER I 

INTRODUCTION 

L Transition to Induction. We bave seen 
■already (vide Text-book of Deductive Logic) that 
Deduction aims at formal truth and Induction aims 
at material trntK The problem of Deduction consists 
in the acceptance of certain premises as true, and then 
enquiring into Avhat ether propositions or concluaons 
we are consistently bound to accept as true. So in 
Deduction the conclusion is shown to follow from the 
premises, and we are not required to sec Avhether the 
premises and the conclusion are in liarmony with the 
facts of diir experience. If the premises be materi- 
ally true and the reasoning be correct then the 
conclusion Avill be materiahy true. When this is not 
the case Ave cannot rely on a deductive argument. 
Hence in order to make deductive arguments reliable 
Ave require materially valid premises. 

When the premise is a particular proposition its 
material Anlidity can be tested by observation, but 
Avhen it is a uni\’ersal proposition its validity cannot 
be tested by observation or experience because such 
a universal premise implies practically an infinite 
number of particular facts occurring in the past. 
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pn-sent. and the future ■v\diic.li none can experience, 
"^rp cannot experience 'aJl men’, ‘all crows’ and ‘all 
appl<-s' and so bj experience we cannot test the 
material validity of ‘All men are mortal’, ‘All crows’ 
are black’, and ‘All apples fall to the gi'ound when 
unsuppi-rted’. To establish the material validity of 
such universal propositions we require a different 
process of reasoning which is known as Induction. 
Every syllogistic reasoning must have a universal 
yremise, and an enquiry into the material validity 
of this unnersal premise, without which the sjdlogism 
becomes unreliable, leads us naturally to Induction. 
Thus Induction is a process of reasoning wdiich estab- 
lishes univesral real qiropusitions. But all universal 
})ropi isitions do not come within the scope of Induc- 
tion. The axioms are self-evident propositions which 
cannot be proved by any inference. Definitions and 
projjositions with a property, which is not causally 
produced, as the predicate are arrived at b}^ analysing 
the content of the subject term. These also requii'o 
no inductive proof. Thus Induction is concerned 
with the discovery and proof of those universal real 
propositions which have for their predicate accidents, 
and those propriuras ’udiich are causally produced. 

Every reasoning involves a principle and its 
application to a particular case. Induction discovers 
and proves most of these principles and Deduction 
applies them to particular cases. Thus Induction 
naturally precedes Deduction and presupposes it. 
But historically the case is just the opposite. Previ- 
ously people had implicit faith on their leaders and 
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religion, and anthoi'ity "wns Ihoir -watcliwovd. Tliey 
cared more for the application of the principles t han 
for their discover}" and- proof. So their Logic was 
<iednctive. Bid. now. in the da3-s of scicncCj our watch- 
word is e.xperience and so we give more importance to 
induction and genera lisal ion from e.\'perionco.But in no 
?^tagc of our life we can have one of these two kinds 
of reasoning apart from the oilier. If one of ihem 
is in tlie foreground, iJie other is in the hackgruuniL 
Both are equally necessar}- for tlie operations of the 
human understanding in the pursuit of truth and Ibr 
jjreserving and developing our H\-es by adjusting us 
to the clianging circunrstances in the midst of which 
we live, move, and liave our hehig. 

The Nature of Induction. Induction is a 
logical process of reasoning by which we estabhsh a 
universal real proposition from some jiarticular pro- 
positions }n-ese.nted to us by observation or experi- 
ment, according to the uniformity of nature and the 
law of cau.sation. As for instance in the argument: 
Ram is mortal, Jadu is mortal, Mohan is mortal, etc., 
•and therefore. All men are mortal,wo pass from some 
particular projiositions (more correctly singular 
propositions) to the universal proposition, ‘All men 
are mortal’ according to some logical rules and princi- 
ples, viz.. The Unifoi-mity of Nature and the Law of 
Causation. Thus we see that in Induction we pass 
fi’om some known data to something which coA'ers 
within it this known region as well as a vast unknown 
region ; as for instance, in the previous example the 
morality of only -a few human beings has been exami- 
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ned, while the conclusion ‘All men arc mortal’ com- 
prises within it mankind at largo, i. e., men that 
were, men that are and men that will be. Every 
induction must, take this haziirduous leap from tin* 
known to the unknown. There are some reasonings 
in which we pass from rome particular propositions 
to a univei’Scil conclusion but in which there is no 
such hazarduous leap from the knoavn to tlio unknown, 
e. g., after examining' all the henche.s ol a class and 
finding that c-veiy one of them is made oi wood, 
we can infer that all the benches of t hat clas^ arc 
made of wood. Our reasoning" here, no deuibt pro- 
ceeds from particular inst.ancos to all instances of the 
same kind, yet it cannot be called induction as tlu' 
conclusion does not cover any new or iinknowri 
instance, i. e., is not more general than the premises. 
Such a kind of reasoning is nothing but a summation 
of particulars and is called Perfect Induction. 

In Conception also we pi'oceed from cases observed 
by U'S to an idea of a class comprisuig within it the 
cases observed by us and a vast number of unknown 
and imobsenmd cases forming the class, by means 
of analysis, comparison, abstraction, S3'nthesis, and 
generalisation. But conception cannot be called 
Induction for it establishes notions or ideas of classes 
but no proposition or relation between notions. In 
almost all conceptions we gather a number of attri- 
butes in one whole, and the relation between them 
is tacitly assumed without enquiring how one attri- 
bute rises oftt of another. While in Induction our 
problem is to. show how an attribute gives rise to 
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another, i. e. , causes another, and to make a genera- 
lisation on the strength of this causal relation. Thus 
the relation between one attribute and another is 
required to be proved in Induction, Avhile in Concep- 
tion we simpl}' assume this relation between attri- 
butes simply because M^e find them co-existing, i. e., 
existing simultaneously in the objects observed by 
us. As for instance in forming the concept ?niiw we 
are to observe first of all a number of Inniian beings 
such as Earn. Shyam, Jadu, Madhn, etc., .and then 
by analysis, comparison, and abstraction we get from 
them the attributes animalitj* and rationality, 
and then by integrating them into one whole we 
generalise them, i. e., maintain that these are the 
common essential attributes of all human beins’s. 
The idea thus formed of the entire class of human 
beings with the attributes animalit}' and rationality 
is called a notion or concept. Thus we notice that 
in this process Ave do not enquire how rationality 
rises out of animality or hoAV the}'- have come to 
co-exist in human beings which is the essential 
problem of Induction. Thus Conception is widely" 
different from Induction, 

Induction is different from raanj’’ other .cases of 
generalisation such as Induction bi^ Simple Enumera- 
tion in which on the strength of repeated similar 
experience or uncon bradicted expei-ience ive establish 
a universal real proposition, e. g., finding a large 
nurnber of croivs to be black ive infer that all croivs 
are black. In such an argument Ave no doubt pass 
fiorn some cases to all cases yet Ave cannot call it 


Iiulnutive 
genevalisn- 
tioii is al- 
Ava.ys 
"TOAlUflecl 
t)n the UiAV 
of causa- 
tion. 


Oeneralisa- 
Hon hy 
siin|ile enu- 
meration is 
not induc- 
tion as it is 
not .groun- 
ded on the 
law of cau- 
sation. 
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Induction proper, for here also the relation beiweeii 
blackness and the nature of crows is not the inattej- 
of proof, i. e., we do not show in it how blackness 
rises out of the nature ofcrows; in other words wc 
do not base such an argument on tlie Ljxav of Causa- 
tion which is one of the most essential requircmem s 
of Induction. The essence of Induction no doubt, 
lies in the leap or hazard involved in passing from 
the known to the unknown but we should remember 
that unless such a leap or hazard is warranted by 
the Law of Causation it cannot be Induction. 

Induction, unlike deduction, establishes material . 
truths or conclusions which are in harmony with 
facts, while deduction aims at formal truth only. For 
this reason the premises in deduction can bo assumed, 
while we must on no account assume any one of the 
premises in Induction — wc must get every one ol 
them b}’^ observation or experiment if possible : for 
the truth of the conclusion depends on the truth ol 
the jxremises, and so we cannot expect to have 
materially true conclusions when the premises are 
assumed. Besides we know that m deduction wo 
proceed from all cases to some cases and that it is a 
fallacy to go bei'ond the premises, while in Induction 
we proceed from some cases to all cases and it is a 
fallacy nor to go beyond the premises. In other 
words, in deduction our conclusion can never be more 
general than the premises while in induction ou7’ 
conclusion must be more general than the premises. 
Inspite of these differences between induction and 
deduction we shall see later on that induction is not 
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fi’oo from a considorablo amount of decluctive 
(dement. 

Anotlier point to bo noted in connection ■with the 
marks of induction is that it establislies a universal 
real proposition and not a verl)a! iwoposition, and not 
even a propo.sition with an ortlinaiy 2«'0])rium as its 
predicate term. Verbal propositions and real propo- 
sitions with an ordinary pro]>rium as theii’ predicate 
■.erins arc established deductively. Again we should 
notice that induction e.stablishes universal pi-oposi- 
rions as opposed to particular ones which are jiroved 
by deduction, and in many cas(>s by experiemee and 
not by inference. In some cases a law established 
bv induction is CAtended bv means of deduction to 
a particular instance and thereby we acquire sonu' 
knowledge of that particular instance, as for example, 
we often extend the law that all men are mortal to a 
particular living man and thereby know that he too 
is mortal. In other cases wc observe directly with 
the help of our various semse organs different parti- 
cular objects and phenomena and thereby acquire 
knowledge of them. Thus hiduction is concerned 
with the proof of universal real propositions or the 
laws of nature. These universal real propositions 
have been called by Kant synthetic judgments 
aposteriori and these really add to our knowledge 
and give us new information regarding facts and 
jihenomena. 

It should also be noticed that induction cannot 
prove any necessary truth or demonstrative certainty 
because in it we proceed from some cases to all cases, 
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i. c., froin tlio known to tlie nnkiiown. Wo can. hare 
inferential rloraonstrativo trnth only when tlic premi- 
ses are axiomatic ]iropositions and the reasoning is 
deductive, as in Geometry. For tins reason wc 
cannot be absolutely certain of the validity of our 
inductive conclusion. Thei’o must always remain 
some amount of doubt in it howevci' little that 
amoinit may bo. We know by induction that water 
rusts iron, but in course of time such iron may bu 
manufactured as will remain rustless oven wlion 
exposed to water. Thus we cannot be absolutely 
sure that water will alwai’S rust iron. But there is 
no doubt that by induction we can establish rational 
certainty foi* it is based on some sure principles and 
materiallv true data, and so we can reasonable expect 

ft/ 

that our conclusion in induction is also mateiiall_^ 
true. Thus induction establishes rational certainty 
and not absolute certainty. By induction we know 
that all men are mortal, clapping is always followed 
by sound, and many other propositions which are 
grounded on the law of causation. The ceitaintr ei 
these propositions is .hhrdly inferior to the proposi- 
tions which arc known to be absolutely true. Ihe 
practical utility" of the propositions proved by induc- 
tion is considcrabl3^ greater than the propositions 
about which wo are said to be absolutely .sui’e. 

For a long time induction was identified with 
Simple Enumerative Induction which establishes only 
unreliable conclusions. So medieval logicians discre- 
dited Induction and placed their reliance wholly on 
Deduction. But on account of the association of 
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Induction with the Law of Causation it has now come 
to he recognised as the most important form of 
inferential reasoning. The great advance of the posi- 
tive sciences is due to the application of the modern 
form of induction. 

3. The Inductive Process. How we are to estab- 
lish a materiallj^ true, universal real proposition is 
the problem of induction ; in other words we try to 
establish h}’^ means of induction the laws of nature. 
We shall see later on that such a law or universal 
real proposition can be established only when we are 
able to detect a causal relation between two pheno- 
mena. Thus the problem of induction is equivalent 
to the problem of finding out causal relations between 
phenomena. Now let us see how we actuallj’- pro- 
ceed in induction in order to establish such a causal 
relation, and through it and by means of it, a univer- 
sal real proposition. Suppose we are required to 
find out the caiise of malaria. Now how are we to 
proceed to find out its cause ? 

The first thing necessarj' for us will be observa- 
tion, i. e., we must observe, first of all, a large num- 
ber of instances of the phenomenon about which we 
want to make a generalisation, detect a causal rela- 
tion and establish a law or universal real proposition. 
This observation should be made carefully, patiently, 
thorough^, and methodically. Bias, prejudice -or 
preconceived opinion should in no way influence our 
observation. We should also carefully record all the 
things observed by us. Now observation is necessary 
for /getting accurate premises -for the ’inductive 
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generalisation ■\vitlioiit ■which no induction is possible. 
Thus observation lies at the foundation of the in- 
ductive procedure. Hence the first thing to be done 
in finding out the cause of malaria is to observe a 
good many cases of malaria carefiilly, patientU'^ and 
thoroughly and take .notice of the circumstances in 
the midst of which malaria takes place. Modem 
logicians however do not place so much importance 
on the examination of a large number of facts. Do 
Morgan saj's, “Modern discoveries have not been 
made by large collections of facts with .subsequent 
discussion, separation and resulting deduction of a 
truth thus rendered perceptible. A few facts have 
suggested an hypothesis, which means a ' supposition 
proper to explain them. The necessary results of 
this supposition are worked out, and then, not till 
then, other facts are examined to see if these 
ulterior results are found in nature.” But this 
is possible on account of the advancement of learning 
and the accumulation of much scientific knowledge. 

O 

Great difficulty is felt in the inductive investigation 
owing to the fact that circumstances conceal 
the causes, e. g., the hewer producing a particular 
scent is hidden by other flowers of the garden, and 
the phenomenon studied is distored by disturbing 
circumstances, e. g., the motion of a feather is 
distored by air. 

Next we should analyse the particular instances 
observed by us into their attributes, activities, and 
attendant circumstances. This analysis may be done 
iTientally or physically. In other words we may view 
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in our mind the attributes and conditions of the 
particular instances separately, i. e., ■we may draw a 
distinction between them, or we may physically 
isolate the different attributes, activities and condi- 
dions. Mental analysis of the object is known as 
resolution while physical analysis or isolation is 
icnown as elimination. For elimination we gene- 
ivally require cxperinienl. Most of the events or 
phenomena of this world are so complex in nature 
that we fail to understand them properly when we 
are unable to analyse them into their elements. 
Thus whei’e analysis is impossible induction is also 
impossible. The purpose of analj^sis is to create a 
kind of void around the phenomenon under investi- 
gation so -that it may stand out naked and clear 
of the details in which it is embedded and which are 
irrelevant to it. When these details are isolated the 
universal element on which the particular pheno- 
menon under investigation depends becomes appa- 
rent. (Int. Logic, Welton and Monhan-p. 273). In 
the case of malaria we are to analyse the different 
cases of malaria observed bj’- us, into their various 
symptoms, i. e., attributes and activities, and also 
analyse the circumstances in the midst of which 
malaria takes place. 

After analysis we are to define carefully the 
phenomenon under investigation and thereby distin- 
guish it from similar other phenomena. And so in 
order to find out the cause df malaria we must define 
it carefully by means of the essential- symptoms 
ascertained by observation and analysis'. . This 
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clofinition of the phenomenon under investigation 
is essentially needed in order to have a definite and 
accurate knowledge of it and to distinguish it from 
other similar phenomena. As in the case of malaria 
if we fail to define it b}- means of its essential 
svni] toms there is every possibility of our confusing 
malaria with other cases of fever, and thereby 
making the problem .'of finding out the cause of 
malaria very difficult, if not impossible. 

In a definition Ave are to state the common 
essential attributes of the objects defined, and bv 
analj’sis alone we .can get these common essential 
attributes. So definition necessarily comes after 
analj'sis and is possible after analysis. 

After defining the phenomenon under investiga- 
tion Ave are required to fi'ame a hypothesis as to the 
cause of the phenomenon, i, e,, Ave are to suppose that 
some of the conditions in the midst of Avhich the 
phenomenon t.akes place is its cause. This hjqiothe- 
sis is. often made at the very beginning of an induc- 
tive investigation, and in the light of this hypothesis, 
observation is made. But such hypotheses arc not 
• reliable, e. g., Avhen influenza broke out in England 
pieople supposed that it was due to a deluge in China 
or a A'olcanic erruption in Java, Reliable and scienti 
fic hjqjothesis can be made only after carefu 1 obser- 
A^ation, analysis, and definition. In the case ofmalari v 
Ave suppose that mosquito biting is the cause ol 
malaria. We may make other suppositions no doubt, 
viz., marsh gas, foul Avater, etc. ; but in vieAv of the 
scientific researches with which Ave are acquainted to 
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porne extent mosquito biting seems to be the most 
reasonable one. 

The next thing necessaiy in the inductive procedure 
is the proof of our hypothesis. Now if there are 
more than one hypothesis \vc must eliminate the 
rival lyqwthcses bj means of the crucial iTistances 
and the experimentum ciucii>, i. e., we must get 
instances of the phenomenon in question either b}- 
means of observation or experiment which can be 
explained onl}^ by our hypothesis and not ly any 
.other. As in the case of malaria we can easily show 
that people living near marshy place and u.sing 
mosquito curtains do not suffer from malaria. Hence 
marsh gas cannot be the cause of malaria. 

After eliminating the rival lypotheses we must 
}.'rove our hypothesis bj’ the experimental methods. 
This has been described bj' Carveth Read as the 
process of varying the circumstances, because the 
application of the Methods depends on such vai'ia- 
tions. "We should try to prove it by the Method of 
Difference which is the most reliable method. Tf we 
fail to do that we must j rove the hypothesis b}'^ the 
Joint Method. Failing which our hypothesis will 
remain probable. The pui’pose of these methods is 
to show that whenever the supposed cause is present 
the phenomenon under investigation is present, and 
whenever the supposed cause is absent the phenome- 
non is also absent. In the case of malaria we must 
show by these methods that where- mosquitos are 
present malaria is present and whore they are absent 
malaria is also absent. 
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Finally we make fresh observation in order to 
verify our hypothesis. If our liypothesis be in har- 
mony with ail the facts observed it will be accepted 
as true, but it will be cither modified or rejected if 
we find anv inconsistency between our hypothesis 
and the fresh facts observed by us. Even after the 
proof of a hypothesis by the experimental methods 
the possibility of inconsistency between the hypothe- 
sis and fresh facts remains because in proving it we 
use premises which cither do not contain some rele- 
vant conditions, or contain some whicli are not in any 
way relevant, i. e., our investigation is vitiated by 
non-observation and mal-observation. Iduis when 
a hvpothesis is proved by the experimental methods 
and stands the lest of verification it becomes estab- 
lished as a natural law or a universal real pro])osi- 
tion and is accepted as true, and the inductive pro- 
cedure conics to an end. 

Here we have considered the liypothetical 
method. But when we are required to find out the 
effect of a cause we resort to experiment if it is under 
our control and is not too dang<u-ou s. When it is 
beyond our control or too dangerous we resort to 
deduction nd verification by means of observation. 

4. The Problem of Induction- It has already 
lieen pointed out :hat the ])roblem of induction is 
creneralisation throimh the medium of the causal 
connection, because rational and reliafile generalisa- 
tion is possible only when if is grounded on the 
law of causation. Every generalisation refers 
to a relation to be generalized, Xow there 
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are bhree kinds ot relation in the world, vi?;., 
■(1) the relation of- co-existence, (2) the relation 
of succession, and (3) the relation of equalit}- or 
inequalitj'. Generalisation is possible with regard 
to an}' one of these relations. As for instance, “A co- 
exists with B”ina}' be generalised into — “In all cases 
A co-exists with B.” Similarly we find that milk co- 
exists with whiteness and we may generalise it into : 
‘All cases of milk aie cases of whiteness or milk is 
always white.’ We know that sound follows clapping 
which may be generalised into: All cases of clapping 
are followed by sound. Again w’e find by measure- 
ment that in twenty cases of triangles tlio three 
interior angles are together equal to two right 
angles and from this we may infer that in all cases 
of triangles the interior angles are together equal to 
two right angles. Similarly ‘in all cases any tw'O 
: sides of a triangle are together greater than the 
third,’ is a generalised relation of inequality. Thus 
generalisation may be one of co-existence, succession, 
equality or inequality. 

Now let us see which kind of generalisation forms 
the subject matter of induction. Is it concerned wdth 
the generalisation of the relations of co-existence ? 
So far as these relatitns are not grounded on 
the law of causation they cannot be the subject 
matter of induction. In a case of co-existence we 
cannot ovserve how one of the co-existing factors 
rises out of the other, and so the relation betw'een 
them cannot be proved. Hence we cannot be sure 
whether the two factors are bound together by an 
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insoparalDlG essential relation. Hence the rclafioiis 
of co-existence are orrlinarih’^ excluded fi'oni thc^ 
scope of the inductive investigation. But there are 
many relations of co-existence which are found to 
rest on and arise out of some causal basis. Such 
relations are included within the scope of induction. 
Heat and light are found to co-exist in the rays of 
the sun as they are simultaneously produced bt* these 
rays, ami .so their relation falls within the scope of 
Induction. 

Xow let us e.xamiue whether the relations of 
succession are included within the scope of induction. 
In succession we notice that there are two factors 
of which one happens immediately -after the happen- 
ing of the other. Now a relation of succession may 
be either variable or inivaviable. We find that 
happiness follows marriage in some cases and does 
not folloAv it in other cases. Hence the succession 
between marriage and happiness is a case of variable 
succession. Such a relation does not illustrate 
uniformity or universality, which is the subject matfcei 
of induction. But indirectly we are concerned with 
it in induction, for we shall see later on that in 
induction we can establish a causal relation by 
excluding all sorts of variable succession. But the 
real subject matter of induction is invariable success- 
ion due to causation. We shall find later on that 
the cause is an invariable, unconditional, and imme- 
diate antecedent of an event called its effect and 
is quantitativelty equal to it. Thus there is a 
relation of invariable sequence between the cause 
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and ifcs efifecb. Therefore induction is concerned 
with the relations of invariable succession due to 
causation. 

But there are some cases of invariable succession 
which are not groundei on the causal relation, e. g,, 
iilonday invariably follows Sundaj’’, 3’^el, the latter is 
not the cause of the former. Thus the generalisa- 
tions of the relations of invariable succession on the 
strength of the causal relations form the subject 
matter of induction. We should notice here that 
in the inductive problem there are two factors, viz., 
(1) the detection of the causal relation and (2) the 
generalisation of this causal relation. Of these two 
factors the second is very easy but the first one is 
very difficult. Even a child can generalise when 
the causal relation is detected. Therefore in induc- 
tion we leave aside generalisation, and devote all 
our attention to the problem of finding out the 
causal relation. 

The third kind of relation giving rise to gene- 
ralisation is the I’elation of equality or inequality. 
These quantitative generalisations generally come 
within the scope of mathematics, which is a deduc- 
tive science -of quantity, and not within induction. 
Besides these ^quantitative relations do not show 
how one quantity rises out of another — ^they rather 
illustrate co-existence, and so we fail to detect in 
them any causal relation. But quantitative rela- 
tions are not wholly outside the scope of induction, 
for we know that quantitatively the cause is equal 
to the effect, i.e., the quantity of energy in the 
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cause IS equal to {he quantitr of energy in the effect 
in other words, tlie energy’' in the cause becomes 
transformed into Us effect. Thus to establish u 
causal rolalioii we must prove the quantitative 
equivalence between the supposed cause and its 
effect or the transference of energy from the cause 
to its cftuct, Ilius quantitative generalisations are 
not wholly excluded from induction, 

We thus conclude that the problem of induction 
is to detect causal relation betiveen phenomena. Now a 
phenomenon may be given and we may be asked to find 
out its effect, or we may be required to find out its 
cause. Thus wc may proceed either from the cause 
to its effect or we may proceed fi'om the effect to the 
cause. The problem of finding out the effect of a 
given phenomenon is successfully solved by means 
of experiment. But there are many cases where 
the agents are be3'ond our control, c. ff., the sun- 
spots, and also cases which are too dangerous to 
experiment with, e. g., a new legislation. In such 
cases we deduce conclusions from the thing in ques- 
tion and verify these conclusions bj* subsequent 
observation. But exj^eriment does not help us when 
we proceed from the effect to the cause for by iio 
means we can move from the actual effect to its 
actual cause, i. e., from the present to the past for 
the catise ill relation to the effect is a matter of the 
past and cannot be -recovered either by nature or 
by magic. Hence in finding out the cause from the' 
effect we are to depend on observation and hj^potfie- 
sis, i. e., We are to suppose certain' phenomenon to- 
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be the cause in question and then bj means of the 
crucial instances, the experimental methods, and 
verification we are to prove this hj'pothesis. Thus 
in induction we proceed in one direction, viz., from 
the cause real or supposed, to its effect. (C. Read). 

5. The Relation between Induction and 
Deduction. In deduction we argue from a univer- 
sal proposition to a particular or less genei’al pi’o- 
position. As for example in the argument ; ‘All 
men are mortal, Ram is a man, therefore Ram is 
mortfil, we stare from the universal proposition, ‘All 
men are mortal’ and arrive at the singular proposi- 
tion, ‘Ram is mortal’ hy means of deduction, i.e., ive 
proceed from the mortality of all human beings to 
the mortalit}’' of a particular instance of man, viz.. 
Ram. We find that in the argument there are two 
premises only oi which one is universal and the 
other singular. We know also that in every 
syllogistic reasoning which is considered to be 
the model of deductive reasoning there must be 
at least one universal premise as Irom two parti- 
cular premises no conclusion can be drawn. Now 
the question is how we get this universal proposi- 
tion. We cannot get it by observation or experi- 
ment, i.e., experience, for experience gives us only 
particular truths. We can get it by deduction but 
that deduction will require another universal pro- 
position, and the same question will arise as to that 
universal proposition. Thus the question becomes 
simply shifted fi-om one universal to another uni- 
versal. Therefore deduction cannot ^ve us any 
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real universal proposition to be used as a premise 
in a deductive reasoning. By means of deduction 
we can have universal propositions deduced 
irom axiomatic propositions. But these pi'oposition.s 
are verbal or deduciions from verbal propositions 
Excluding all such propositions it can be said that 
by deduction we cannot arrive at the universal pro^ 
positions which arc ordinarily used in our dail}* life. 
In a formal deductive reasoning we generally assume 
these universal propositions, and so we cannot be sure 
of the conclusions drawn from them. Consequently 
these conclusions become practically useless. In 
order to have practically useful deduction our prc" 
mises must be materially true, and when th.ev are 
not axiomatic the universal ones must be grounded 
on induction. Thus an examination of ti c material 
validity of the conclusion naturally leads us to in- 
duction. and conclusively points out that deduction 
depends on induction. 

Xow let us examine this same relation from the 
standpoint of induction. We have seen alread}' that 
in it, on the strength of the law of causation we 
arrive at a universal real proposition from some parti- 
cular instances of a phenomenon observed by us. 
Thus induction is based on the law of causation 
(Every event has a cause) which embraces within it 
the uniformity of nature (The same cause produce.^ 
the same effect), and the inductive conclusion may 
be said to be deduced from that law. Thus induc- 
tion is based on deduction. Besides in scienti- 
fic induction we are required to frame hypotheseg 
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and to verify them. When they arc verified they be- 
come indnetion. But the process of verification is 
an extension of a Jaw to a parbieular case and is, 
tlicrefoi’e, deductive in nature. Thus eveiy scienti- 
fic induction is based on deduction as it requires the 
hel]» of verification whicli is a deductive process. 
Tims it is clear that induction and deduction are- 
interdependent, and one presupposes the other. 

Ignoiing tlic reJation of interdependence between 
induction and deduction many logicians have asked 
the question which one of these two foz’ms of reason- 
ing is the fundamental one, and which one comes 
first or precedes the other. The logicians of the 
nominalistic school maintain that the fiindamental 
form of reasoning is from some pai-ticulars to a parti- 
cular, i.e., a form of reasoning which is neither de- 
ductive nor inductive. As for instance, after exa- 
mining ten mangoes and finding them 1 o be sweet 
we infer that the eleventh mango is also sweet. In 
such cases the universal proposition is not developed 
and clearly stated, but all the same, it is there within 
our mind in a suppressed state, for unless we neglect 
the individual peculiarities of the particular instances 
and fix our attention on their essential nature it is 
not possible for us to pass from some particulars 
to a new particular. Besides such an argument can 
never give us the certainty of induction. Hence 
such a reasoning cannot be called the fundamental 
reasoning. 

J. S. Mill holds that induction precedes deduction 
and that deduction is only- -a disguised form of 
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inducLion as it simply extends a general law establish- 
ed by induction to some particular cognate cases. 
This \T,ew is psychologically true. Little childi’en 
cannot be expected to be acquainted with the laws or 
universal propositions which are necessary for deduc- 
tion. They perceive particular facts and generalise 
them into laws and then extend these laws to fresh 

, t 

instances. Hence we find that induction comes first 
and then comes deduction, and consequently induction 
is the most fundamental form of reasonino- 

But the realists maintain that the fundamental 
form of reasoning is deductive, i,e., from the universal 
to the particular, for all reasoning supposes some 
principles or axioms, e.g,, the laivs of thought, the uni- 
formity of nature, etc., without which thinking be- 
comes wholly impossible. By making these laws 
and their corollaries, e, g., the experimental methods, 
our major premise, and the particular instances 
satisfying the requirements of these laws and coro- 
llaries as our minor p-emise, the inductive ai’gument 
can be transformed into a syllogistic argument. Thus 
it seems that induction is a disguised form of de- 
duction. Hence deduction precedes induction and 
is the most fundamental form of reasoning. . It may 
be pointed out in this connection that Jevons main- 
tains that deduction precedes induction because in- 
duction involves hypothesis -and verification, , and it 
has already been pointed out that, verification is a 
deductive process. 

6. The Inductive ' Syllogism. Bearing in 
mind the truth of the arguments advanced by- the 
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i’fiallsts great logicians from the time of Aristotle 
have tried to reduce the inductive arguments into 
syllogistic ones and have regarded such arguments 
us the inductive sjdlogism. Arsitotle himself re- 
duced an induclive argument to a syllogism of the 
third figure and described the form of reasoning as 
"proving the major term of the middle bj* means of 
the minor”, e g., 

Ram, Sh3'am, Jadu, Madhu and others are morcal. 
Ram, Sh3'am, Jadu, Uadhu and others are all men. 

All men are mortal. 

Here Ai-lstotle means by the major term, the term 
of the greatest denotation, viz., mortal, and by the 
minor term he means the term of the lowest deno- 
tation, viz., Ram, Shyam, Jadu, Madhu and others, 
and by the middle term he means the term of the 
middle or intermediate denotation, viz., all men. 

' Thus the S3'llogism proves the major tenn, moi’tal, 
of the middle term, all men, b3* campafing them 
tvith the minor, viz., Ram, Sh3'-am, Jadu, Madhu, and 
othere. Hence Aristotle has not used the terms, 
major, minor, and middle, in the sense in which they 
are used in logic. 

Now this attempt of Aristotle is futile for how does 
beget the major premise? He' has not examined 
any and every individual man for that is physically 
impossible. He can examine only a few men. But 
by examining some cases only it cannot he said that 
all other cases will possess the same characteristic, 
viz., mortality, without the help of induction. So we 
find that Aristotle simpl3* assumes the conclusion in 
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the major premise withont proving it. But if some- 
body takes the absurd position and maintains that 
all the cases of men were examined and on the 
strength of that examination the major premise was 
laid down, it can be said in reply that in that case 
the argument will not involve a leap from the known 
to the unknown which every true induction does, 
and will establish a conclusion which is nothing but 
a summation of all the pirticu lar instances obsej’ved. 
Thus we see that a true inductive argument which 
involves a passage from the known to the unknown, 
and from some to all cases cannot be expressed in the 
form of a syllogism as given by . Aristotle. Here the 
error does not lie in the minor premise which may 
be granted as true. The real error lies in the major 
premise which diivrctly assumes that the other men 
whom I have not examined are also mortal. Besides 
the copula are in the minor premise means consti- 
tutes which is clear from the quantification of the 
predicate. Hence the subject of the minor premise 
has been taken collectivelv, while it has been used 
distributive! y in the major premise. Hence, in 
the argument there is a, passage from the distribu- 
tive use of the middle term to its collective use and 
so the syllogism involves the fallacy of composition. 

Aldrich and Whately reduced induction to a 
srdlogism of the first figure in the following way : — 

The men whom 1 have observed and the men 
whom I have not observed arc mortal. 

All men are the men whom I have observed and 
the men ^Yhom I have not observed. 

All men axe mortal. 
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Here also we find that the major premise has 
either been nndiih* assumed or there has been no 
])assage from the known to the unknown. Aldrich 
and Wliateh* liavc no justification in saying that the 
men whom T have nofi observed arc mortal withont 
already taking fur granted that all men arc mortal. 
Hence the syllogism involves petitio prirtcipii. 
Besides the middle term has been used distributive- 
Iv in the major premise while it has been used col- 
lectively in the minor premise. Hence it involves 
also the flillcy of composition. Thus we find that 
this form of syllogism does not truly represent in- 
duction. 

Carveth Read admits that induction has a 
great deal of formal element. He writes : “In fact 
Inductive Logic may be considered as having a pure- 
ly formal character. It consists first in a statement 
oi' the Law of Cause and Effect : second!}’-, in 
certain immediate inferences from this Law, expan- 
ded into Canons ; thirdly in the syllogistic applica- 
tion of the Canons to special propositions of causa- 
tion by means of minor premises showing that cer- 
tain instances satisfy the cannos”. As for instance : 

Whatever relation has certain marks is a case 
of Causation. (The Canon of Difference, suppose.) 

The relation A : p has all these marks. • 

The relation A : p is a case of causation. 

Again 

■“If an instance etc. (The Canons of Difference). 

The instances ABC/pqr, BC/qr are of 
the kind required. 

A is causally connected with p" (modified) 
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Thus it nppGfirs thfit th© “fornicii Togic of Induction 
is essential!}' deductive’’. But if we reiuember that 
in induction though wo use symbols in representing:' 
the premises yet in an actual induction we must gef 
them by means of observation or experiment, and 
the facts gathered from these sources refuse to be 
represented in the form of the isolated, well-dehned 
symbols. Besides the passage fiom the known to 
the unknown and the establishment of material truth 
are peculiar to induction and can hardly be achieved 
by means of the syllogistic foim of reasoning. A 
careful analysis of reasoning whether logical or p.*;} - 
chological will reveal that one form of this reason- 
ing depends on the other. Hence it is not correct 
to maintain that -one is prior to the other or that 

one is more fundamental than the other. 

7. Induction, as the Converse of Deduction- 
Now let us consider whether inducton is the con- 
verse of deduction and whether it can be regarded 
also as the inverse of deduction. According to 
Jevons induction is the inverse process of deduction. 
"As generally stated deduction consists in passing 
from more general to less general truths ; induct ioii 
is the contrary process from less to more general 
truths. We may however describe the difference 
in another manner. In deduction we are engaged 
in developing the consequences of a law. We learn 
the meaning, contents, results or inferences, which 
attach to any given proposition. Induction is the 
exactly inverse process. Given certain results or con- 
sequences, we are required to discover the general 
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law from Avhicli they follow” {Principles of Science 
]) 11). This is according to some writers tlio con- 
verse process of deduction. In conversion we know 
1 hat the converse has for its .subject and predicate, 
(he predicate and the subject of tlic premise or the 
convertend. Now in deduction we proceed from 
l.he universal to the particular or tlie less general 
on the strength of the law of idenl.ity, while in in- 
duction we proceed from tlie particulars to the uni- 
versal or a law on the strength of the law of causa- 
tion. Hence to a certain e.vtent the processes are 
the converse of each other. But it has been jxtinied 
out that the one i-esf s on the law of identity while 
the other on the law of causation. Causation is not 
simply identity, it is more than that. Besides in one 
we are concerned with facts and material truths and 
a vi.sion into the unknown and the future wdnle in 
the other we are concerned with the implication of 
a universal proposition or law, i. e., the specification 
of its contents without any reference to facts or ma- 
terial truths. Therefore though we utilise the de- 
<luctive form of reasoning in verifying our hypothe- 
sis yet induction cannot be regarded as exactly the 
converse of deduction. Bacon’s description of induc- 
tion as an ascending process and deduction as the 
descending process implies this converse nature 
of induction. But this description is too much 
figurative to be of any scientific value. 

8. Induction as the Inverse process. In De- 
duction we directl}’’ start with a fully formed, read}’- 
made law and then extend this law to particular 
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facts or plienomena and thereby explain them. 
Now in induction we also aim at explaining these 
facts and jdienomena, Bnt instead of directJy start-* 
ing with laws (ibr abont the validity of these laws 
we are not sure), we start wilb the particular facts 
gathered by means of observation or experiment, 
and then establish a law methodically, and then ex- 
tend this law to the facts or phenomena to be ex-- 
plained. But if we fail to apjdy the logical jMethods 
directly to the facts observed on account of their com-* 
])lexity then we form a hr'pothesis and then verifr 
it by extending it to the facts in question by means 
of deduction, and when a h}qiothesis is verified it 
is accepted as a law oi' induction, and the facts art* 
said to be explained. Thus in induction wo proceed 
from facts to laws established or supposed and then 
from these lawfj we pass on to the facts to be explain- 
ed. While in deduction we directly deduce the 
facts to be explained from some established law or 
laws. Hence induction is regarded as the inverse 
form of deduction. But we shall remember that 
this is not the whole truth, for by no means formal 
truth can be changed into material truth, and the 
nnknoAvn, the distant. and the future can be trans- 
formed into the known. Deduction does not take 
into consideration how one thing or event is 
brought into existance or produced by another. 
Hence by inverting Deduction we cannot have in- 
duction. It has already been pointed out that in- 
duction and deduction are interdependent and one 
cannot be had apart from the other. 
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‘Inverse’ is a mathematical term and oiij'josod to 
the v'ord, direct. In the direct method flu* cnnclu- 
.sion is deductively inferred from the diila, o. g., from 
3x4 ve get 12. Hero ve are absolutely .sure of 
rhe conclusion. But in the inverse method the con- 
clusion is given and ve arc required to ascertain 
the data from vhich it has been a? rived at. Such 
u ])rocess is precarious and so unreliable, as for ins- 
tance from 12 it is difficult to airive at 3x4 for 
what is the guarantee that this 12 is not the out- 
come of 6 X2 or 24 -f 2 or 20 — 8. Thus induction as 
the inverse of deduction implies two things viz. 
tl) in induction we proceed I'rom facts to causes 
and conditions producing them, and (2) that the 
inductive conclusions are uncerfain. Welton al- 
most subscribes to the same view when he says ; 
“In induction, reality presents itself in concrete and 
partiall}’- isolated instances, and rhe task of inference 
is to discern the universal which is more or less 
hidden in those instances.” In deduction on the 
otlier hand reality presents itself in its universal 
aspect and the task of inference is to trace the 
presence of that universal in the differing and 
complex instances of its manifestation. {Manual ii 
p 61.) But the indefiniteness of the inductive argu- 
ment disappears on account of the causal principle 
which implies that an event can be produced by 
one and the same cause. Hence the description of 
the Induction as the inverse process of deduction is 
misleading and vague. 

9. The value or the utility of Induction. 
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MHiy do -vvc reason inductively ? Wc Jive in (lie 
midst, of a bewildering mass of diverse facts and 
])lienomona, and a knowledge of tliesc is essentially 
necessary for tlje ])reservation and development f)f 
oiir life. Besides wa arc required continually to 
adjust ourselves to the ever changing circumstances, 
and without a knowledge of tiicse circumstances it is 
hoj)ole.s3ly impossible for us to adjust ourselves to 
them. Now induct ion is necessary because it gives 
us a knowledge of this bewildering mass of diverse 
events and t.he changing circumstances in the midst 
of which we live, move, and have our being. Such 
a knowledge gives us mastery over these events and 
circumstances, and enables us to adjust ourselves to 
them. Induction ('slablishos tiie laws of nature 
which are nothing but tlie uniform behaviour of 
classes of facts and events. With the help of these 
laws we know beforehand how these facts and events 
will behave in future. Thus induction gives us a 
knowledge of. the future events wliicli materially 
lielps us in preserving and developing our life. 

Experience reveals to ns a chaotic mass of diverse 
facts and phenomena, and Induction determines their 
laws of operation which are called the laws of nature. 
With tlie hel]) of these' laws we understand the 
bewildering miss of events, and systematise them 
into a well-ordered world or cosmos. When facts 
are systematised or well arranged and bound bv 
definite jirinciples they can be remembered whenever 
necessary and their knowledge can be utilised in 
future in vestigation. Thus induction is useful i« 



INDUCTION 


31 


ascertaining the harnion}' of the apparently diverse 
world, and in ascertaining and reading the facts of 
nature. It is therefore a great aid to memory, and 
so it helps future investigation. 

Tlae positive sciences apply the inductive method 
and principles to the different departments of the 
world. So induction is said to ho the basis, intro- 
duction or prolegomena to the positive sciences. 
The tremendous development of the modern sciences 
emphatically |X)ints out the gi-eat ultility of induc- 
tion. The more the development of the positive 
sciences the more will bo the achievement of induc- 
tion. 

Induction gives us a kind of knowledge and so 
its utility is identiral W’ith that of knowledge. 
Every human being has to argim indtictively but 
every one’s argument is not valid. So induction 
comes in to tell us how’ to advance con’cct inductive 
argument. 

It has already’ been pointed out that the uni- 
versal real propositions which are generally used 
as the premises of deductive reasoning are supplied 
by induction. Deduction also helps induction in 
verifying the inductive hypotheses and deducing 
them from the law of causation and the Methods 
derived from them. Thus induction and deduction 
run into each other and both the processes are 
equally useful. 

But there are logicians who hold extreme views 
no the subject. As for instance according to Hamilton, 
Mansel, and Dr. P. K. Bay there is only one 
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kind of argument, viz., deductive, and induction 
apart from deduction can be hardly called reason- 
ing. Whereas Mill maintains that the only form 
of reasoning is inductive, deduction is not only 
useless but also fallacious, for in laying down the 
universal ma,ior premise all inference is exhausted 
leaving no further room for deductive argument. Both 
these views are half truths because in the scientific 
induction both the deductive and the inductive 
elements are present. Hence there cannot be any 
induction without deduction. Thus both these 
])rocesses are eqaully necessary and both are 
supplementary to each other. 

10. Development of Induction and its 
Recognition a* a Legitimate form of Inference- 
In an elementary book like this proper justice cannot 
be done to this topic though it is gTeatly interesting 
and instructive. This subject properly belongs to the 
history of Bogie and not to Bogie proper. 

In the middle age, i. e., before the time of 
Elizabeth, induction was not recognised as a proper 
form of reasoning and by Bogie every one meant 
Deductive Bogie. The study of deduction was 
confined to the church fathers or clergymen. Thus 
Bogie was treated almost as a holy or divine subject, 
and.'la3Mnen were hardly allowed to study Bogie. 
Along with Philosophy Bogie was the hand-maid of 
religion. So in such an age the study of induction 
was hopelessly imjiossible. The gi-eat credit of Bacon 
lies in the fact that he brought Bogie and Philosophy 
from the confines of the church-walls and allowed 



INDUCTION 


33 


botli of them to breathe fresh air and start a new 
life. So there is evei^ justification for treating 
Bacon as tlie father of Inductive Philosophy. 

The inductive form of argument is so verv inti- 
mately connected with the human understanding that 
we cannot conceive of an3’' time when mankind did 
liot advance this form of reasoning. But the definite 
recognition of it as a legitimate form of reasoning is 
a different thing altogether. Whether Aristotle and 
the Scholastic logicians actually emploj^ed this induc- 
(ive method in their writings is a matter of historical 
research. But this much is certain that they did not 
recognise induction as a'legitinite method of inferen- 
tial reasoning. To them deduction was the ideal 
method of reasoning and so they tried to test every 
form of reasoning by the s^dlogistic rules. The 
Inductive S3dlogisra of Aristotle, his proof from 
e.vperience, and the Scholastic Perfect and Impex'fect 
Induction are widely different from modern Induc- 
tion. The reliabilit3' of modern induction -is due 
to its association with the law of causation, while 
the pre-Baconian Induction rested simply on the 
number of facts examined, i, e., on enumeration, 
and had nothing to do with the law of causation. 
Hence the pre-Baconian induction was unreliable. 

Nature of Baconian Induction; According 
to Bacon deductive Logic as formulated by Aristotle 
and adopted b3'^ the Scholsatic logicians is completely 
useless. The only useful logic is induction. So 
he calls his inductive method Noowm 0 fgation 
or new logic as opposed to the Organon of 
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.Aristotle. He condemns also the Simple Ennmerative 
Induction as purile and uncertain because the possi- 
bility of being frustrated by a contradictory ins- 
tance is not eliminated .in such a reasoning. The 
right raethoJ of acquiring knowledge is not to 
anticipate nature, not to form any guess, suyjposi- 
tion or hypothesis but to go to nature herself and 
interrogate her, torture her, just as an advocate 
tortures a witness at the time of cross examining 
him, and thereby compel nature to yield and reveal 
her truths and mysteries. Thus Bacon is opposed 
to the formation of h3qio thesis which plays a very 
important part in the modern inductive inve.sti- 
gation. We must study the facts and phenomena 
first of all, aftcn* getting rid of all pre-conceived 
notions, and it is by interpreting these facts or 
phenomena that knowledge can be acquired. After 
collecting those facts and phenomena which cons- 
titute the raw material of knowledge we .should 
try to find out the “forms” of these facts and 
phenomena gradually'. Bj’^ forms he means either 
the causes of things or their essence. Hence accord- 
ing to Bacon we should at first gather facts and 
phenomena and then generalise them into minor 
laws and these laws into higher and higher laws 
till the highest law is arrived at. He also advises 
us to analyse the tnings of our experience into pro- 
perties and accidents, and the essential properties 
that make a thing what it is are called forms. 

How Bacon lays down certain methods or tables 
for abstracting and isolating the forms of things. 
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(a) The table of affirtnafives accorfling to 
ivhich we are to take into consirloration the ])ositivo 
instances of the phenomenon under investigation. 
Out of this table i\[iirR Metliod of Agreement lias 
been developed. 

(b) The table of negatives according to which 
we are to take into consideration tlie instancQ in 
Avhich the phenomenon under investigation does 
not occur. Out of this ^Mill’s Joint ^Method lias- 
been developed. 

(c) The table of Comparisons or Degrees 

according to which w-e are to take into eon.sidera- 
tion the various degrees or the quantitative varia- 
tions of the phenomenon. Out of this Mill’s ^Method 
of Concomitant Vaiakations has been developed. 

Besides these tables Bacon lays dow-n <,ho 
method of Exclusion according to which we are i.o 
exclude one by one all the non-causes and thereby 
find out the real cause of the jiheDomenon. If for 
example we know that the csuse of A is X, Y or Z 
and if we can show that Y and Z are not the causes 
of A then we can conclude that X is the cause 
of A. When the possible causes are not exhaust- 
ively known the conclusion is bound to be erro- 
neous. Yet this method of exclusion underlies 
all the modern inductive investigation and the 
Experimental Methods. The Tables and the 
Method of Exclusion^ embody the' Baconian Method 
of V arying the circumstances -svithout Avhich the 
forms or causes cannot be detected. 

The greatest defect of -Bacon’s induction lies in 
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the fact that according to it hypothesis is rejected as 
useless, and human understanding is treated as 
entirely passive. But without the aid c>f hypothesis 
and an active mind no inductive investigation can be 
carried on. 

Newton. Newton lilce Bacon rejected hypothesis 
but he meant by hypothesis all those premature/ 
assumptions which are made on altogether insuffi- 
cient gi'ounds. According to Jevons, Newton did 
not entertain any hypothesis which was not definite 
in condition and which did not admit of unquestion- 
able deductive reasoning, and which could not be 
decided by the comparison of its consequences with 
facts. But Jevons confuses the implications of 
Newton’s method with its accepted meaning. 
Newton’s rejection of hj'pothesis is emphatic and ex- 
plicit though he himself formed hjq^jotheses and 
though his method implies the formation of 
h3q)othesis. 

Newton’s method consists of two things, viz., 
the Method of analysis and the Method of Com- 
pcsition or Synthesis. The Method of Analj'sis 
consists in making experiments and obserration and 
in drawing general conclusions from them bj' induc- 
tion. Bj’^.this method we proceed from effects to 
causes and from particular causes to more general 
ones and so on till the most general one is arrived 
at. The Method of Composition means deduction 
from the general law arrived at by the method of 
analysis followed by the comparison of the conse- 
quences with the observe'd facts, i. e., verification. 
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Thus Newton recognises both deduction find induction 
as useful and necessary, and we fin<] that liis inetlioil 
fonlains (a) observation find experiment, (b) induction, 
(c) deduction from tliis induction, and (d) verification. 
hTom the time of Newton sciofico began to progress 
:apidly and with its pi’ogress induction quickly 
fidvanced and came to be recognised ns a legitimate 
method of reasoning. 

J. S. Mill. It was i\[ill who gave the inductive 
method its modern shape. His credit lies in the 
explicit forn Illation of the Experimental Jlothods, 
and systematical!}' explaining the whole of the 
inductive method of investigation together with the 
explanation of the subsidiary processes. Though 
modern induction has undergone many changc-x 
yet it has remained fundamentally in the state in 
which Mill left it. Mill has defined induction as 
the operation of discovering and proving general 
propositions. According to him we are to gather 
facts by means of observation and experiment, then 
we are to arrange them in the light of the experi- 
mental Methods, and lastly we are to arrive at a 
causal relation by applying one of these methods. 
Thus Mill minimises the value of hypothesis and 
thinks that the facts can be studied, arranged and 
the methods can be applied without the help of 
hypothesis. This is the greatest defect of Mill’s 
logic. His philosophical basis of logic and his expla- 
nation of the methed of arriving at the fundamental 
principle of the uniformity of nature ar e rot accep- 
table now-a-da3’s. Besides Mill places more 
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importance on tlie iiniformit}' of nature than on tlie 
law of causation, and does not explain the tine nature 
of the uniformitv of nature and its relation with 
the law of causation, 

Whewell. It was Whewell who emphatically 
pointed out the importance of h3’^pothesis without 
which no induction is possible. He also laid dowif 
that without an active manipulation of facts guided 
b}'- hj'^pothesis no inductive generalisation is possi- 
ble. With a passive mind nothing can be arrived 
at b}’’ any mechanical process. According to 
Whewell we should gather facts and colligate them 
by means of an exact and appropriate conception. 
This appropriate conception is a hj-pothesis. In 
order to accept such a hypothesis as true we must 
compare it with facts and onl}’ after a rigorous 
comparison with facts we must support it in all its 
details. If there be anj'' discrepancj^ between facts 
and the h3’pothesis then the ht'pothesis itself should 
be rejected or modified. Whewelfs blunder lies in 
neglecting the experimental methods and in identi- 
fying induction with the colligation of facts. We 
shall see later on that ever3’ colligation of facts is 
not induction. Besides the discovery of a concept 
is not the final step in induction, because a concept 
becomes trul3’^ established when it is proved. But 
Whewell neglects the proof-side of induction and 
lays stress on the discovery-side, 

Jevons. According to •' Jevons Induction is 
essentially enumerative in character so it establishes 
only probable conclusion. Inductive reasoning 
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therefore is grounded on tlie niiithematical doctrine 
of probability. Jevons describes induction as the 
verse process of deduction and maintains that 
there cannot be any inductive investigation without 
the application of some hypothesis. Thus Jevons 
also agrees with Whewell as to the great importance 
of hypothesis. But Jevons confuses rational certainty 
with absolute certaintj' and so .. finds reason to 
<lenounce all induction as probable. fWelton’s 
ilanual pp32-55). 

After Jevons, Bain and Carveth Read have done 
much for the improvement of the method of induc- 
tion. Thus the claim of induction as a legitimate 
form of reasoning has been well recognised. 

11. Exercises. 

1. Explain clearly with the help of an example 
hoAv we reason inductivelv. 

2. Why do we reason inductively ? 

3. How do we reason inductively ? 

4. Can induction be dispensed with ? 

5. What are the uses of induction ? 

6. What arc the marks of Induction ? 

7. Can any and ever}^ generalisation be treated 
as inductive ? If not, give your reasons. 

8. What is the nature of the problem enquired 
into hy .Induction ? 

9. Show how deduction runs into' induction. 
Are the nrocesses supplementary to each other? 

10. Mention some instances of deduction which 
are fully independent of induction. 

11. Explain the relation between deduction 
and induction. 
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12. Explain ^vhat. you understand In* Inductive 
syllogism. Can induction he really reduced to the 
syllogistic form ? 

13. E.xplain the i various attempts that have 
hecn made to reduce induction to the s^dlogistic 
foj-m. How far were these attempts successful ? 

14. Explain : “Proving the niajor term of the^ 
middle hy means of the minor.” 

15. Is modern induction free from deductive 
element ? 

16. Explain “Induction is the converse of 
Deduction.” 

17. Explain “Induction is the 5 inverse of Deduc- 
tion.” 

18 Discuss the question of the relative j’Hority 
of deduction and induction. 

19. Explain how induction has come to he recog- 
nised as a legitimate form of inference. 

20. Define Induction and explain what kind 
of truth is established by it. 

21. Explain what you consider the true rela- 
tion of Deduction and Induction, illustrating your 
reasoning by examples ; and discuss the claim of 
Induction to he treated as a separate, department 
of Logic. 

22. Induction is the process of establishing 
general propositions and Deduction is the inter- 
pretation of them. Explain and illustrate this. Is 
this theory of reasoning here implied admitted by 
all logicians? If not, what other theory has been held, 

23. What is meant by a Deductive and what 
by an Inductive science ? State the principal Deduc- 
tive and the principal Inductive sciences e.xplaining 
in the case of each of these sciences why it is called 
Deductive ordnductive. 
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24. Mill and Bain think that three operations 
are implied in the full scope of the Deductive me- 
thod, namely, Induction, deduction proper, and Veri- 
hcation. Explain the exact jneahing of each and exhibit 
(heir relation to one another,- -'making your meaning 
clear by means of exampre's'.'Do you consider. that 
l\Iill and Bain are right in thus holding tJh'at all 
Deductions depend on previous Induction f Give 
your reasons. 

25. Can we form a valid universal proposition 
about facts if we have not actually observed all the 
individuals signified by the subiect of the pro 2 Josi- 
tion '( If so, how ? 

2G. Exhibit the nature and use of the Induc- 
tive Method. 

27. Determine the character of inference and 
, show how it is illustrated in Induction. 

28. ^ Can Induction be reduced to s^'llogistic 
reasoning ? Fully discuss this question examining 
the different attempts that have been made to 
resolve the former into the latter. 

29. ^ Discuss fully whether Induction precedes 
Deduction or Deduction ])recedes Induction. 

30.. ‘The difference between Deduction and 
Induction is not one of principle but of starting 
iwinf. Discuss. 

31. Describe the general process of Induction 
and its aim. 

32. Explain how. general ideas are formed and 
how generalisations are made jiopularlj’^ and scien- 
tifically ? Gan there be any 'generalisation without 
general ideas ? 



CHAPTER II 

Processes Simulsting Induction and 

Unscientific Induction. , 

1. Simulating 1 nduction. There are certain 
processes of reasoning ■which appear to be inductive 
in nature but are not really so, and for this reason 
they are called Processes Simulating Induction. 
We have seen already that a logical Induction 
must involve generalisation of a relation of succes- 
sion on the authorit}’- of the lav of causation, and 
must imply a passage from the knovn to the un- 
knovn If any one of these marks he wanting 
the process of reasoning ceases to be logical or scien- 
tific induction, and becomes a process simulating 
induction. It should be borne in mind that origi- 
nally any generalisation of a case of succession 
whether grounded on the law of causation or not 
was treated as true induction. Hence even at the 
time of Mill the number of the processes simulating 
induction was every small. But now-a-days scien- 
tific induction must be gi-ounded on the law of 
causation, and so the number of simulating induc- 
tion is many. 

It should be remembered that though these 
processes fall short of the ideal form of inductive 
reasoning yet they are not useless. Such processes 
establish various degrees of probability which are 
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extremely valuable in the practical affairs of life. 
They suggest good hypotheses and help us in making 
the preliminary investigation in any subject matter, 
and ultimately with their help we are able to dis- 
cover the right hypotheses,' and prove it ^ Ipgically. 
Tims the function of these simulating inductions 
is widely different from the fallacious deductive 
.reasoning which is not onlj'^ useless but also harmful. 

According to Mill Perfect Induction, Parity of 
Heasoning, and the Colligation of Facts are alone 
treated as processes simulating induction. He 
calls them Induction improperly so called. Let 
us consider them first. Thereafter we shall consi- 
der the processes of reasoning which approach the 
scientific induction but are not identical with it. 
We shall describe them as unscientific induction. 

2. Perfect Induction. It is a form of reason- 
ing by which we establish a universal real proposi- 
tion after carefully observing all the possible parti 
cular cases covered by the universal proposition. 
As for instance, after examining all the fruits of a 
basket and finding every one of them sweet if we 
conclude that all the fruits of the basket are sweet 
then our reasoning will be a case of Perfect Induction. 
If we go to a village and examine all the villa- 
gers one by one without any exception, and find 
that every one of them is a Hindu, and then come 
to the conclusion that all the inhabitants of that 
village are Hindus, then our inference will be a 
case of Perfect Induction. Thus in a Perfect In- 
duction we are required to observe a number of 
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instances. Here the observation is tlmrougb, as 
we examine all the possible instances, while in 
scientific induction we examine not all the instances 
but onl}’ a few of them. Like scientific induction 
Perfect Induction establishes a universal proposition 

t 

which can be relied on. It also establishes material 
truth. On account of these characteristics l^erfect 
Induction resembles scientific induction, yet we 
cannot call it induction proper, as the conclusion 
is not more general than the premises, for the 
conclusion comprises only those cases whicli 
have been examined b})- -us. In the above 
mentioned example the conclusion ‘All the inhabi- 
tants of the village are Hindus’, does not include an 
inhabitant whom we have not examined, Thus in 
Perfect Induction we proceed from all cases to all 
cases while in induction proper we proceed from some 
cases to all cases. So the conclusion arrived at by 
Perfect Induction does not cover any new case or 
new region — it is simply the summation or 
summary of the particular instances observed. Mill 
says that the conclusion of Perfect Induction merely 
reasserts the premises and is nothing but a- short- 
hand registration of the facts known. In it we do not 
take' any leap Irom the known to the unknown. 
Such a reasoning is called perfect because it establi- 
shes perfect certainty, whereas in 'induction proper 
absolute certainty cannot be arrived at. 

Perfect Induction can hardly be treated as in- 
ference because it does not give us any new infor- 
mation and in it wo do not proceed from the known 
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to the unknown, which are the peculiarities of all 
inference. Besides Perfect Induction is not grounded 
on the law of causation — it rests on the complete 
enumeration or examination of the instances covered 
by the conclusion. For these reasons Perfect Induc- 
tion can neither be treated as induction propei' nor 
as an inference. Yet it is not useless because if we 
know that all the books of an almirah to be books on 
Logic we can always go to it whenever we require a 
book on that subject. Similarly if we know that all the 
'inhabitants of a village are Hindus we can infer what 
kind of customs, food, and cleanliness will be found 
there. Jevons says that “mere abbreviation of mental 
labour is one of the most important aids we can enjo}* 
in the acquisition of knowledge. The powers of the 
human mind are so limited that multiplicit}' of 
detail is alone sufficient to prevent its progress in 
many directions”. So he concludes that Perfect 
Induction even as a process of abbreviation is 
absolutely essential to anj'’ high degree of mental 
achievement (The Principles of Science — ppl4S-49). 

But a true universal proposition cannot be 
established by perfect Induction because such a 
universal proposition practically comprises an infinite 
number of instances occun’ing in the past, present 
and future, and it is impossible for us to. examine all 
these instances. We cannot examine the mortality' 
of all the living human beings, not to speak of the 
future generations to be born. Hence it is not 
possible for us to establish ‘All men are mortal’ b}^ 
Perfect, Induction — it can establish only a qualified 
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universal proposition limited to a praticular place 
and time and implying only a few praticular 
instances. 

Dr, P. K. Ray says that after examining all the 
known planets and finding them moving round the 
sun if we conclude that all the known planets move 
round the sun we have a case of perfect induction 
Such a reas )nmg according to him implies that ir 
future all these planets will continue to move round 
the sun. Hence Perfect Induction involves ^generali- 
sation and rests on the uniformity of nature 
But the moment the future and the past are 
brought in, the Perfect Induction ceases t( 
establish perfect certainty and becomes identica 
with Imperfect Induction which establishef 
probable conclusions. When the future cases an 
brought in, Dr. Ray’s example becomes equivalent 
to : At present the known planets are found to move 
round the sun and so they do so always, which ii 
purely a case of imperfect induction. Hence wg 
conclude that Perfect Induction refers only to the 
time when the observation of the instances is made 
and not to the past and the future 

3. Imperfect Induction. As opposed to Per- 
fect Induction we have Imperfect Induction. In i1 
we establish a real universal proposition after ar. 
examination of only a few instances, but not all. It is 
grounded on uncontradicted experience and not on 
the law of causation. So it is different firom induc- 
tion proper. Most of our popular generalisations are 
imperfect inductions. When the number of instances 
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on -which Imperfect Induction is grounded is very 
few it is said to be a case ' of hasty generalisation. 
Finding in a town a dozen people to be dishonest 
if we conclude that all the inhabitants of the town 
are dishonest we commit the fallacy of hasty gene- 
ralisation, But when .a -vast number of instances 
are observed and the possibility of getting a con- 
tradictor}^ instance is removed, and a generalisation 
is made on the strength of these instances then our 
inference becomes a case of Imperfect Induction. 
As for instance, after examining a number of metals 
■we find that all of them conduct electricity, and if 
we fail to come across a case of metal which does 
not conduct electricity then we can make the 
generalisation that all metals conduct electricity. Our 
inference in this case becomes a case of Imperfect 
Induction. Similarly if we examine the crows of differ- 
ent places and find that without any exception all 
the crows observed by us are black then we can 
make the generalisation that all crows are black, on 
the ground of uncontradicted experience. 

In Imperfect Induction we find the following 
features : — ( a ) It is based on observation ; (b) it 
establishes material truths, (c) and uni-i'ersal real 
propositions ; and (d) its conclusions are more 
general than the premises. These are also the 
characteristics of scientific induction. On account 
of these points of similarity Imperfect Induction 
appears to be induction proper. Yet it is different 
from scientific induction as it is not grounded on the 
la-sv of causation. So imperfect induction may be 
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• treated as a process simulating induction. But we 
can improve an impoi-fect induction by. further 
‘ investigation, and by employing the experimental 
methods -vve can base it on the law of causation. 
When thus proved imperfect induction becomes 
methodical and identical with scientific induction. 
When it is not so proved, i. c., when it is grounded 
.simply on the uncontradicted experience or 
enumeration of the instances it becomes identical 
with Simple Enumerative Induction, and is said 
to be Immethodical Imperfect Induction. Thus 
there are two kinds of Imperfect Induction, viz.. 
Methodical Imperfect Induction which is iden- 
tical with .scientific induction and Immethodical 
Imperfect Induction, which is identical with 
Simple liinumerative Induction. The imperfect 
character of generalisation is achieved when a 
universal real proposition is anived at after an 
examination of a few of the in.stances covered by 
the \miversal proposition and the conclusion is more 
or less probabl-". Hence the scientific induction has 
t his imperfect nature. The imperfect induction is 
called imperfect because it establishes imperfect 
certainty as opposed to the perfect certainty establish- 
ed by Perfect Induction. Mill did not treat it as 
a case of simulating induction. We may call it an 
^ unscientific induction. 

^ Now Perfect Induction can also be improved 
- into a scientific induction by basing it on the law of 
causation or proving the relation involved by the 
experimental methods. But in this case the 
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conclusion will cover an infinite number of instances 
and. will be more general than the premises, and so 
the perfect induction will cease to be a perfect 
induction. Thus we cannot transform Perfect 
Induction into scientific induction without destroying 
its, nature. For this reason it may be said that 
Perfect Induction cannot be transformed into 
scientific induction. 

4,. Induction by the Parity of Reasoning. 

It is a kind of reasoning in which 'we establish a 
relation with, reference to a praticular instance, 
not b 3 !- observation but bj'^ reasoning, and on account 
of the applicabilit}’’ of-the parit}* of reasoning or the 
same reasoning without ani’^ modification to all 
•similar instances, the relation proved in the 
praticular instance is generalised and thei’eby a 
universal proposition • is . arrived at. As for in- 
stance we draw a4riangle and prove with reference 
to - it that its three angles are equal to two 
right angles, and on account of the appli- 
cability of the parity or the same reasoning to 
.all possible triangles we make a generalisation 
and conclude that in ..all triangles the three 
angles are. together equal to two right angles. 
Thus we seem to . proceed ’from a single instance 
to all . such instances of the same class and the 
conclusion is more general than the premise. Hence 
Induction by Parity of- Reasoning appears to involve 
generalisation,' i. e.,. appears. to be inductive in 'form. 
But'.it is not really induction, because in inductive 
investigation the truth in the '.particular instances 
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is arrived at by observation or experiment and 
never by reasoning, while in induction by parity 
of re asoning the truth in the particular instance is 
arrived at not by observation, but by reasoning. 
The inductive conclusion requires to be verified, 
i. e,, compared with facts, while we require no veri- 
fication in induction by parit}' of reasoning. Induc- 
tion proper is grounded on the law of causation 
while induction by parity* of resoniiig is grounded 
on the applicability of the same reasoning to all 
possible cases. The former establishes rational 
certainty while the latter establishes absolute cer- 
tainty. Besides in paiity of reasoning we consider 
abstract things existing only in our imagination, 
while in induction proper we avoid all imaginary 
things and consider onlj* those facts and phenomena 
which actullj' occur in nature. The triangle that 
is drawn cannot be a triangle because the bounding 
lines have breadth and the surface is not smooth. 
Thus induction by parity of reasoning as a form of 
generalisation involves the transcendental fallacy 
of inclucticn. But as a n atler of fact the induction 
by paritj' of reasoning does not involve anj* genera- 
lisation whatsoever. No mathematician argues that 
since the relation is true in one case it must be 
true in all other cases. Such a generalisation is 
entirely unnecessary in mathematics. 

The induction by parity of reasoning is entirely 
deductive in character, because the conclusion 
follows deductively from the axioms, definitions, 
already established theorems, • and the very nature 
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of the particular instance under conside ration. It 
does not follow from the figure drawn either actually 
or mentally. The figure is drawn simply to fix 
our attention and help us in carrjdng out the 
deductive process of reasoning. Even a badly drawn 
figure serves our purpose. The very fact that a 
right conclusion can be drawm w'hen the figure 
is badly di-awn shows that the reasoning and the 
conclusion are independent of the figure dra^vn. 
Thus we conclude that induction Ijy parity of 
i-easoning is no induction — ^it is wholly deductive in 
character. Such a j-easoning is widely used in Geo- 
metry, and so it may be called Geometrical reason- 
ing, but it must not be confused Avith the Geome- 
trical Method Avhich is a complex deductive method. 
Induction by parity of reasoning is also called simpty 
Parity of Reasoning bj’- many. 

5. Mathematical Induction. When by obser- 
ving a number of similar instances in mathematics 
Ave establish a universal proposition on the strength 
of uncontradicted experience we have a case of 
mathematical induction, e.g., 

1+3 = 4 = 22 
1+3+5 = 9 = 32 

1+3+5+7 = 16=42 . 

1+3+5+7+9 = 25 = 52 

l+3 + 5 + ...to n terms = n2 
i.e.,the sum of the consecutive odd numbers beginning 
Avith unity is equal to the square of the number of 
terms in the series. Here we have examined fonr cases 
of odd numbers be^ning with unity, and Ave find 
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that in each of these ease.s the sum is equal to the' 
square of the number of terms in the series. " On 
account of this simiJaritv in the result the con- 
clusion is generalised and we maintain that it is 
so in every case. Thus in mathematical induction 
we proceed from some cases to all cases, i. e., from 
the kno^^^l to the unknown, and iri the particular 
instances the truth is arrived at by observation. 
Hence mathematical induction is more inductive 
in character than the induction by parity of 
reasoning. Yet it cannot be called induction 
porper, for it is not based on the ' law of causation' 
or on the' experimental methods. It is ba.sed oh 
hricontradicted experience and is sijuilar to Simple 
Enumerative Induction which proceeds from some 
cases to all cases on the strength of uncontradicted 
experience. But there is a great deal of difference 
between it and simple enumerative induction because 
mathematical induction establishes ''absolute 
certainty, while simple enumerative ' induction 
establishes only .probable conclusions. Besides 
the mathematical quantities are not events in time, 

and so to apply inductive characteristics to ' them is 

! 

to commit the transcendental fallacy’- of induction, ' 
Mathematical induction has been included by 
Mill within induction by parity of reasoning, but on 
account of the great difference between 'them it iv 
not premier to identify the one. with the other. It 
should be noticed that 'mathe'malticiahs never rely 
on such reasoning or on uhcontradicted experience. 
'They always apply deductive calculation 'in order 
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to tie sure of the conclusion arrived at by mathema-’ 
tical induction. In the above mentioned example' 
the mathematician will take 'the next series and- 
verify the conclusion by direct calculation, ej g., 

1 + 3+5 + .. . + (2n-l) + (2n+l) *=n2 + 2n + l 
= (n + l)=> : . • ■ 

There are n + 1 terms and the sum is (n+ll^. 
Hence it is inferred that if the result is true of n’ 
terms it must be true of n+1 terms. By direct' 
calculation the result has been found to be true up 
to five terms. Hence it must be' true of six terms. 
When it is true of six terms it must be true of seven 
terms and so on. For this reason the result must be' 
true in all cases. 

Thus we find a gi-eat deal of deductive calcula- 
tion in the cases ■where mathematicians use 
mathematical induction, and on account of this 
deductive element such a reasoning gives us 
absolute certaint 3 ^ Besides mathematical induc- 
tion considers cases of co-existence while induction 
proper con-siders cases of succession. Hence mathema- 
tical induction cannot be treated as induction 
though it appears to be so. By mathematical induc- 
tion a universal truth can be discovered but if 
cannot be pi'oved by it. 

6. . The Colligation of . Fact*. This is a 
process by which' we mentally , colligate, i. e., bind 
together mentally into one comprehensive whole all 
the particular instances experienced by us in 
connection -ndth the subject ir.atter under investiga- 
tion, and then express this united whole by some 
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appropriate conception. Tims an ♦astronomer views 
only the particular positions of a planet one after 
another. These positions cannot be observed 

simultaneously. But the astronomer mentally 

colligates all these positions and expresses this 
colligation by the conception of an ellipse Similarly 
when a navigator views land in an ocean he cannot 
say whether it is an island or a continent. But bv 
coasting round it he observes all the points of the 
bounding line one after another and then he mentally 
binds together, i. e., colligates all these particular 
experineces into one whole, and then expresses this 
united whole of praticulars by the conception of an 
island, i. e., he concludes that the tract of land is 
[ an island. Thus in coliigatibn we proceed from the 
particulars to the general because the concept is an 
idea of a class of facts and is therefore general. So 
Dr. Whewell regards colligation of facts as, induc- 
tion. According to him the most essential factor of 
induction is the discover}' of the concept which will 
express a class of facts and will help us in binding 
together all these facts into one whole. 

But Mill maintains that colligation cannot be 
induction for it does not proceed Irom the known 
to the unknown and so it does not take any risk in 
inferring anything as to the unknown facts, which is 

the essence of induction. Colligation according to 
him is simply a summation of the facts observed- and 

is therefore the reassertion of the particulars 
observed by us. But it helps us in describing the 
particulars observed and in forming hypothesis, and 
as such it is a step to induction. 
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In a true induction we proceed from a number 
of particular instances to a universal proposition 
which binds together into one ^xlIolB all these parti- 
cular instances together with a large number of 
similar instances, e.g., Ram is mortal, Jadu is mor- 
tal, Mohan is mortal, etc., therefore all men are 
mortal. Here the conclusion binds together into 
one whole the mortality of Ram, Jadu, etc., as well 
as the mortality of a large number of unobserved 
persons. Thus every induction involves colligation 
of facts. It is on account of this Whewell main- 
tains that colligation is induction. . Mill objects to 
this and holds that it is not so. Induction accord- 
ing to him implies colKgation but every case of colli- 
gation does not imply inductive reasoning, e.g., 
in conception we bind together into one whole a 
number of common essential attributes. Yet con- 
ception is not induction, because in it we have no 
causal relation and no universal proposition as our 
conclusion. In perfect induction, definition, des- 
cription we have colligation but no induction. Mill 
admits that colligation is subsidiary to induction 
and is a ' necessary preliminary to induction. But 
induction does not simply discover the appopriate 
concept or hypothesis (which is colligation), but 
proves it. Therefore induction is more than colli- 
gation. Besides colligation is generally concerned 
with cases of co-existence while Induution is con- 
cerned with cases of succession. But colligation 
cannot be treated as a deductive process as in it 
we proceed from the particulars observed and want 
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to establish material truth. Derluotion comes in 
■when the concepc is examined, i.e., "when conclu- 
sions are deduced from it and compared "wirh 

I 

•facts. 

In connection with the controversy about the 
colligation of facl.s there, is a controversy regarding 
^the nature of the. process by which Kepler dis- 
covered the orbit of the iMars to be an ellip.se. i^epler 
observed the different . positions of the Mars 
and framed different hypotheses which will e.xplain 
all those positions. Trying curve after curve he 
al last made the hj’pol-hesis that the orbit is an 
ellipse. He made further observations of the posi- 
tipn of the Jlars and ■ found that the\ are in hai- 
mony with his hypothesis. So he concluded that liis 
hj’pothesis is true and the orbit ol the Mars is an 
ellipse.-. Here we poreqed from some positions of 
the planet to all its positions (Some positions are 
on an ellipse, therefore, all positions are on an 
ellipse). Hence it, involves generalisation, formation 
of iT.^’pjothesis, exclusion of' rival hypotheses, and 
verification. Hence there is every justifica;tion for 
us to treat if as an induction. ' Had it been possible 
for us to see the ellipse in the sky- and the positions 
of the Mars existing on this ellipse then it would 
have been proper for us to maintain that it is a 
case of pure colligation involving no inference. 
Much confusion has arisen .as co .the nature, of colli- 
cration’by overlooking the point that the, ■essential, 
factor of.colligation ’is the discovery . of -the concept 
^vhichwill mentally bind .together the .particulars 
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in questions. Such a discovery involves inference 
and cannot be had in deduction. 

7. Unscientific Induction. Under this head- 
ing we shall consider the Enumerative Inductions 
known as Simple Enumerative Induction, Complete 
and Incomplete Induction. These px’ocesses in- 
volve real generalisation but they fall short of scienti- 
fic induction as they are not grounded on the law 
of causation. These should not be treated 
as useless as they suggest hypotheses and pave 
the wa}"- for scientific induction. The}* have immense 
practical value and are commonly employed by 
ns in our daily life. 

S. Enumerative Induction. It is a kind of 
generalisation in which the conclusion is grounded 
not on the law of causation, and not on the nature 
of the instances observed but simplj' on their 
number. ‘All crows arc black,’ ‘All swans are 
white’ ‘All scarlet flowers are odourless' are genera- 
lisations gz’Ounded simply on the number of instan- 
ces and not on their nature. 

There are two kinds of Enumerative Induction, 
viz.. Complete Enumerative Induction and 
Simple Enumerative Induction. 

Complete Enumerative Induction consists in 
establishing a universal real proposition on an exa- 
mination of all the possible instances covered by 
the universal proposition. The validity of the 
conclusion rests simply on the number of instances 
observed and not on their nature. Such a reasoning 
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gives us perfect certainty and is identical with 
Perfect Induction. 

9. Simple Enumerative Induction. It consists; 
on the otlier hand, in establishing, on the strength 
of uncontradicted experience, a universal real 
proposition on an examination of some of the instan- 
ces covered by the universal proposition. Here also 
the generalisation is gTounded on the number of 
instances observed by us and not on their nature. 
Such a reasoning gives us probable conclusion, and 
is often called only Simple Enumeration. Thus b}^ 
observing Aj is x, Ag is x, Ag is x, A^ is x, etc., 
we conclude that all A’s are x, simply on the 
strength of uncontradicted experience v ithout 
applying the experimental methods and witliout 
establishing any causal connection between A and 
X. 'All swans are white’, ‘All crows are Hack’, ‘All 
scarlet flowers are devoid or fragrance , All homed 
animals are herbivorous , ‘All tom-cats with blue 
eyes are deaf’, etc., are all arrived at by .simple 
enumerative induction. In all such cases we obseive 
a few instances only and find them similar in some 
resjiects, and from that similarity we di'aw' an in- 
ference without caring to observe whether theie 
is any causal relation or whether the similarity is 
essential or fundamental in nature. 

The value of an inference by simple enumeration is 
very small from the logical stand point, as it gives 
us only probable conclusions. But it suggests 
good hjyiotheses and as such its scientific value is 
very great. On it almost all the popular generalisa- 
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tioDS and beliefs are based to a considerable extent, 
But according to Bacon such a generalisation is 
childish, useless and often mischievous. To accept 
Bacon’s view is to reject all empirical generalisation 
which is the name given to the conclusions arrived 
at by simple enumerative induction. 

The conclusion arrived at by simple enumer- 
ation holds good with regard to analogous or 
adjacent cases existing in the circumstances and 
places similar to those from which the instances 
have been gathered. It is a fallacy to extend a 
conclusion -arrived at by simple enumeration to 
cases existing in widely different circumstances, e. g., 
if by simple enumeration we conclude that an 
average Indian earns a rupee a day, it will be a 
fallacy to extend it to the Americans and maintain 
that an average American also earns a rupee a day. 
Similarly if by observing the crows of India we come 
to the conclusion that all crows are black, it will be 
risk}’- to extend this conclusion to the crows of the 
Arctic region and Australia where the circumstances 
are quite different. In accepting the conclusion of 
simple enumeration as true we should always 
examine the possibility of getting a con tray instance 
because a single contrary instance is sufficient to 
destroy the conclusion arrived at by simple enumera- 
tion. When we overlook this possibility of getting a 
contrary instance we are said to make a hasty gene- 
ralisation, e. g., foreign travellers are often found to 
condemn a nation simply because thej^ happen to come 
across a few bad members of that nation Miss Mayo’s 
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generalistations about India are all hasty, because 
she drew conclusions in each case about a nation 
of millions after an examination of ten or at most 
twenty members of that nation. 

Though simjjle enumerative induction is grounded 
on the number of instances observed by us yet the 
strength of such a reasoning depends on the nature 
of the points of similarit}^ about Avhich generalisation 
is made. But its real strength depends on the 
width of the observation made and the possibility' of 
getting a contraiy instance. The more extensive 
the observation, the more is the possibilityr of our 
conclusion being true. If we examine the peasant 
j)roprietors of India, China, Australia, Russia, 
America and Africa and then conclude that all 
peasont proprietors are economical then our conclu- 
sion will be likely to be true. 

Induction by^ simple enumeration appears to be 
a form of inference based on the Method of Agree- 
ment but really there is a great deal of difference 
between them. The Method of Agreement requires 
the isolation of the essential elements from the non- 
essential or accidental ones, while no such elimina- 
tion is necessary^ in induction by^ simple enumera- 
tion. Besides cases of sequence are onlyr considered 
by the Method of Agreement while induction by 
simple enumeration general^ considers cases of co- 
existence. Another distinction between them is 
that in the Method of Agreement ive try to exclude 
or disprove all rival hypotheses while no such thing 
is done in induction by simple enumeration. 
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10. Complete and Incomplete Induction. 

By Complete Induction ivo mean a process of 
reasoning in "wliich we establish a universal ]-eal 
proposition alter an examination of a few particular 
instances. It is said to bo complete because the 
proposition established b}^ it governs a complete 
class of facts superseding for ever the labour of 
further investigation regarding the problem with 
respect to the class of facts examined. In such an 
induction we proceed from some cases to all cases and 
the conclusion is more general than the premises. 
Hence it is similar to imperfect induction, but the 
reasons underlying these two names are different. 
The same reasoning is called imperfect because it 
establishes inperfect certaint}’", and is called complete 
.as it governs a complete class of facts without any 
exception. Any and ever}’ case of complete induction 
is not induction proper. In -some cases it is based 
on the law of causation or the experimental methods, 
while in other cases it is grounded simply on 
uncontardicted experience. In the former case it 
■is said to be methodical and is identical with 
scientific induction, while in the latter case it is 
said to be immethodical and is identical with simple 
enumerative induction or popular, hasty genei-ali- 
sation. Thus Complete induction is of two kinds, 
viz., methodical and immethodical. The immetho- 
dical complete induction is ^videly different from 
scientific induction. Some writers have used Com- 
plete induction in the sense of generalisations which 
conipletely follow the rules of induction. In this 
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sonsr* Oom}')!elo induction l^ecomos identical "with 
scientific induction. It should be carefully noticed 
that Complete induction is different from Complete 
Enumcrative induction -which is identical with 
Perfect Induction. 

By Incomplete inducti-in on the other hand 
we mean approximate generalisation _ based on the 
ob.'jorvation of a number of particulars. Such a 
reasoning is grounded on uncontradicted experience, 
and the conclusion established by it holds good in 
most of the cases, but not in all cases. So sufficient 
room is loft open for further investigation. “Most 
honest people are succcessful”. '‘Most plague cases 
are fatal” are arrived at by incomplete indu c tion. 
’j’hus Complete induction establishes conclusions 
governing an entire class of facts v.dthout am’ 
exception, o g., ‘All men are mortal’, while Incom- 
plete induction establishes conclusions governing 
most of the cases under investigation. In incom- 
plete induction the conclusion is more general than 
the premises. Some writers have used incomplete 
induction in the sense of generalisations which incom- 
pletely follow the rules of scientific induction. In 
this sense it becomes identical with simple enumera- 
tion. Incomplete induction has also been used 
in the sense of arguments based on obser- 
vation and establishing real material propositions 
without developing and proving the universal propo- 
sitions on wnich the conclusion is grounded. In such 
reasonings we simply assume the universal implicitly. 
Such is the case in Analogy where wo proceed from 
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a particnlar to another particular, apparently ■without 
the help of any universal proposition but really -with 
the help of some universal proposition. In the 
analogical argument “The mars is inhabited as it 
resembles the earth with respect to land, water, and 
atmosphere’ ive seem to pass from the earth to the 
mars on the strength of resemblance, but actual ly 
we assume the universal proposition that all planets 
having land, water, and atmosphere are inhabited 
which warrants our conclusion about the mars. We 
shall consider this in Analogy later on. 


11. Ex'jrcises. 

1. What do you mean by Simulating luduc- 

tion ? Wh}’^ is it so called ? What are its various 

forms ? 

2. Distinguish betwen Simulating Induction 
and Induction proper. Do you consider Simulating 
Induction completely useless ? 

3. Explain and illustrate Perfect Induction. 
Why is is called perfect ? J'Jistinguish it from 
Imperfect Induction. 

4. Describe the nature of Perfect Induction. 
Is it an inferential process ? Is it useless ? Does 
it involve any generalisation ? Can such a reason- 
iug be developed into Induction proper ? 

5. Explain the nature of Imperfect Induction. 
Why is it so called ? On what is it grounded ? 
Explain and illustrate its different forms. 
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6. Whafe is the evidentiary value of Imperfect 
Induction ? distinguish it from Induction 
proper. 

7. Explain and illustrate Induction b3- parity 
of* Reasoning, On what is it grounded ? Is it 
deductive or hidiictive ? Give reasons for your 
answer. 

S, What is Blathematical Induction ? Is it 
identical with Induction bj- Parify of Reasoning ? 
What kind of truth is established by Mathematical 
Induction and whv ? 

i). Explain and illustrate Colligation of Facts. 
Does it involve anj' generalisation ? ' Examine 
the statement : Induction is Colligation of Facts, 
and Collingation of Facts is Induction. 

10 Explain the various forms of .Unscientific 
Induction. Are they identical with Simulating 
Induction ? What are the grounds of Unscientific 
Induction ^Vhat kind of truth is established b}' 
such an induction 

11. Explain and illustrate the various forms 
of Enumorative Induction. On what are they 
grounded What kind of truth is established by 
them 

12, Distinguish between Simple Enumerative 
Induction and Induction proper, 

18. Explain and illustrate Complete and 
Incomplete Induction. Why are they so called ? 
What are the forms of Complete Induction ? 

14, Explain and exemplify the process which 
Bacon called Inference from Simple Enumeration. 
Explain in what its inferiorit}’’ consists, and how it 
differs form scientific Induction, 

15. You draw an isosceles triangle on board, and 
prove that its two basal angles are equal, and then 
draw the conclusion that all isosceles triangles have 
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thoir basal angles equal ; explain the logical 
character of this conclusion. 

16. 'Alb cases of reasoning in which the premise 
or premises are particular facts are cases of Induc- 
tion’-; accepting this as a definition of Induction, 
show from it what chief kinds or forms of Induction 
will be ; and indicate the logical value of each 
giving example. 

17. ,What are the different kinds or processes 

that simulate Induction ? Exhibit and illusti’ate 
each of them and explain in each. ^ case -whv tlie 
}3rocess is not real Induction. r 

18. liistinguish between Perfect and> Imperfect 
Induction, and discuss the question whether 
Perfect Induction is demonstrative and syllogistic, 
while. Imperfect Induction is neither. 

19. Explain the meaning and scope of Induc- 
•tion. distinguishing it finm processes which are 
improperly called Inductions. Show by a concrete 
e.xample .that inductive inference admits of being 
thrown into the deductive form. 

•So.' Define Induction. Perfect Induction and 
Induction bj’- paritjf of reasoning are improperly 
called induction. Why ? What is Induction by 
Simple Enumeration ? 

. 21. . .What are the mtlrks of Inductive inference ? 

How does Induction differ from Colligation of 
Facts ? 

22. . Distinguish beteen Scientific and Popular 
Induction. W’^hich of these constitutes Induction- 
proper, and why ? Explain., Hasty generalisation. 



CHAPTER III 


The Grounds of Induciionr 

1. The Nature of the Grounds. Induction, 
we have seen, is a process of" reasoning hy which 
universal real propositions are established after an 
examination of a number of facts. These uni- 
versal real propositions are the laws of nature, and 
each oi these laws is a uniformity of nature. Now 
if there be no uniformity in nature it will be im- 
possible for us to cstjiblish any universal real pro- 
position. Hence Induction assumes or jwstulates 
that thei'e is uniformity in nature. It is for this 
reason that the Unifbrmit 3 ' of Nature is treated 
as one of the grounds of induction. 

Again the process of generalisation b}' which 
the inductive conclusion is arrived at requires a 
relation to be generalised. This relation must be 
of such a nature that we can infer one event from 
another. If the facts and phenomena occurring in 
nature -were isolated from one another it would 
have been impossible for us to infer the one from 
the other, and so induction or the establishment 
of universal real propositions would have been 
impossible. Hence Induction supposes the Law 
of Causation which introduces relation amongst 
the facts and phenomena occurring in nature, and 
maintains that every event has a cause. It is in 
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this way that the Law of Causation has conic to be 
treated as one of the grounds of induction. 

Tno aim of Induction, we have seen, is the 
o.stab]ishinenb of material truth. Now wo cannot 
realise this end unle.s.s the premises from which the 
c;oncIusion is arrived at are all materially true. We 
get these premises of Induction therefore, by 
observation and experiment. Had it not been 
possible for us to get accurate information of the 
facts and phenomena occurring in nature with the 
help of our sense organs, i.e , hy means of observa- 
tion and experiment, the acquisition of materially 
true premises would have been impossible, and so 
the establishment of universal real propositions 
or induction would have been impossible. Hence 
induction supposes that our sense organs do not 
deceive us, but with their help we can get correct 
information of the facts and phenomena occurring 
in nature. Thus observation and e.xperiment 
also are treated as the grounds of Induction. The 
matter or premises of Induction are supplied by 
observation and experiment, and so they are called 
the material grounds of Induction, while the 
very form of Induction, i.e., the passage from some 
cases to all cases, becomes impossible without the 
Law of Causation and the Uniformity of Nature. 
Hence they are called the formal grounds of 
Induction. 

The grounds of Induction, therefore, are of two 
kinds, viz., (1) formal and (2) material, - 
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The formal gi’oimds of Induction^ are 

(i) the Law of the Uniformit}* of J^atore, 
and (ii) the Law of Causation. 

The Law of the Uniformity of Nature is some- 
times called the Principle of Similarity or the Law 
of Identity’, and the Law of Causation is sometimes 
called the Principle of the Ground and Consequent. 

The material grounds of inxluction are (a) obser- 
vation and (b) experiment. 

Without the formal and the material gi’ounds of 
Induction no inductive reasoning is possible. All 
Inductions suppose the validitj' of the Uniformity 
of Nature and the Law of Causation, and are in fact 
based on them. The Law of Causation supplies us 
with the binding link between the objects and 
phenomena, and therebj* makes it possible for us- 
to infer the one from the other. The Unifonnitv 
of Nature on the other hand permits us to proceed 
I from some cases to all cases, i.e., from the known 
to the unknown. Everj' induction must be based 
upon some facts or phenomena given to us bj' 
observation and experiment and not created out of 
our imagination. W^e call them grounds because 
thej'" constitute the basis or foundation on which 
Induction stands. These are also called the 
conditions of Induction as they make the induc- 
s tive reasoning possible. They are sometimes called 
the postulates of Induction as they are su pposed 
in logic without any proof in order to make induc- 
tion possible. 

The problem of the Uniformity of Nature really 
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Imlongs to Philosophy. In- Logic -wc simply assume 
or postulate its truth. The Law of Causation is 
also assumed or postulated in Logic. The idea of 
causation and its reality arc the subject matter of 
Philosophy. Observation and Experiment are 
Psychological problems. Whether they give us 
exact information of the objective world is a problem 
of Philosoplyv. They are also postulatod in Logic. 
The validity of the Uniformity of Nature, the Law 
of Causation, Observation and Experiment is not 
proved in Logic. 

2. The Uniformity of Nature. By the uni- 

formitv of nature we mean that under identical 
»/ 

circumstances nature behaves in the same wa}-, 
e.g., when a man takes an ounce of opium death 
occurs. The LTniformity of Nature tells us that 
death will occur alwaj's in case a man of similar 
constitution takes that quantity of opium. We 
know that fire burns now and the uniformity of 
nature tells us that fire will burn even after 
thousands of years. Symbolically it can be illus- 
trated thus : Suppose we find that in the circum- 
stances ABCD, X occurs, then by the uniformity 
of nature we know that whenever and wherever 
ABCD will occur, x will take place. But bj' the 
Uniformity of Nature we do not mean .that nature 
exists in one unchangeable state, and only one thing 
or phenomenon occurs everywhere in nature, for it 
is well knov.m to us that nature is vastly diverse. 
Behind these diverse facts and phenomena there are 
uniform laws and principles opei'ating in nature. 
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and binding all the diverse facts into a systematic 
whole. The uniformity of nature, therefore, inv 
plies that the Avorld is a system. 

Tf we do not take for granted this law of the 
Uniformity of Nature it would become quite 
impossible for us to reason in any way, and as a 
matter of consequence every thing will be probable. 
Water we know quenches our thirst and is no‘t 
poisonous. If nature be not uniform, Avatcr may 
change its quality a moment after, and become a 
highly burning and poisonous liquid ; man is 
mortal to-day, but he mat* cease to be mortal from 
to-morrow : man can think to-da}*, but he may 
be deprived of the power of thinking to-morrow. 
Thus we see that the data on which our reasoning 
is based will change every moment if nature be 
not uniform. So the very possibility of reasoning 
supposes that nature behaves in the same way 
Tinder identical circumstances. Besides we have 
seen that in induction we pass from the known 
to the unknown. Noav if the unknown and the 
future be quite different from the knoivn and the 
present it vvould be quite unreasonable to extend 
the truth that holds good with regard to the known 
and the present to the unknown and the future. 
The Uniformit}’’ of Nature guarantees the essential 
gjfjji}g,j>i^y between the known and the unknown, 
tbe present and the future, and allows us to draw 
an inductive conclusion. Besides the problem of 
Induction is to establish universal real propositions 
in harmony with facts. These universal real pro- 



INDUCriO' 


71 


]'K)sitions supp(«sc uniformity. There cannot be any 
real universal proposition if there be no uniform itj- 
in nature. So induction become.s impossible if the 
tacts on which it is based fail to behave uniformlv, 
i.e., if nature be not uniform. As the Uniformity 
of Nature is supposed in all inductive generalisation, 
and as without it no generalisation is possible the 
Uniformity of Nat.urc is called the guarantee or the 
ultimate major premise of all Induction. 

In deductive reasoning we always require a 
universal major premise when the argument is in 
the first figure. In order to prove this universal 
proposition we require another nniveisal premise. 
This again is to be proved by another universal 
major premise. In this way we proceed from one 
universal to another universal major premise. Had it 
been necessary- for us to continue ad iniimiwvi 
it would have been impossible for us to prove any 
proposition. But as proof is ]K)ssible, this process 
halts at a place, and this halting place is the Uni- 
Ibrmiby of Nature. For this reason also the Uni- 
formity of Nature is treated as the ultimate major 
premise of all reasoning. 

3. The Unity of Nature. Why is nature 
uniform ? Instead of calling the fundamental prin- 
ciple -by the name of the Uniformit}' of Nature, 
Wellon has called it the Unity of Nature, or the 
Law of Identity. If nature be not under the con- 
trol of one principle, if it be governed by diverse 
powers, eternal conflict and diversity as opposed 
to regularity or uniformity would have reigned 
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supreme in nature, leaving no room for anj* form 
of inference either deductive or inductive. So 
Welton maintains that in order to make induction 
possible we must suppose the unity of nature or 
that nature is governed by only one principle and 
not by many. Hence the doctrine of pluralism 
cannot be reconciled with the problem or Induction. 

According to most of the logicians of the present 
day, the knowledge of reality ' or material truth 
supposes that the world is a system containing 
witliin it many correlated parts. In other words 
our knowledge of realit3r as well as of sensuous 
exprience supposes identity of the unheise in 
which we live and the identity of reality about 
which we form our knowledge. But as time in- 
volves change, our idea of filings must not only 
suppose identity, unity, and persistence, but also 
change, diversity or multiformity. I’his change is 
the change of ‘substance that persists. We know 
from Philosophy tlvd formal identity apart from 
any change is unthinkable. Real identity is only 
known in the midst .of diversitj^ In other words 
reality supposes phenomena or change, identity 
supposes difference, unity supposes diversity, and 
uniformity supposes multiformity and the one apart 
from the other is unthinkable. But diversity 
can hardly be the basis of any inference, i.e., no 

inference can be had without identity. So Welton 

maintains that the unity or identity of nature 
is the fundamental postulate of knowledge and 
• this unity of nature imiilies the uniformity of nature. 
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The Uniformity of Nature cannot be defined 
as it is supposed in all definitions. It is therefore 
liable to be misunderstood. This principle is implied 
in all the common maxims and in the conduct of 
men and animal. It is also the foundation of all 
the sciences which are entirely occupied in seeking 
the laws or uniformities of nature. To make the 
princi])le of the Uniformity of Nature moi-e definite 
it is better to mean by it that the same cause pro- 
duces the same effect. In this sense the law of the 
Uniformity of Nature becomes an aspect of the Law 
of Causation, which means that every event has 
a cause. 

4. The Uniformities of Nature. There are 
various aspects of the Unifromity of Nature. These 
are also called the kinds of uniformities. The princi- 
pal kinds of uniformities are the uniformities of 
succession, the uniformities of co-existence, and the 
uniformities of equality or inequality. The classi- 
fication of these uniformities is identical with the 
classification of laws. Besides the axioms and the 
fundamental laws of Logic and Mathematics together 
with theii- corollaries we have the principle that all 
times and spaces are commensurable, i. e., time 
flows in the same wa}’- and space is extended in the 
same manner everywhere. “Time does not trot 
with one man and gallop with another as it seems to 
do, but it flows ,uniforml 3 ^ Similarly space does 
not swell in places, otherwise life, experience and 
mathematics would have been impossible” (G. Read). 
We have also the law of the . persistence of matter 
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and energy otherwise known as the law of the 
Conservation of Energy. Of the laws of succession 
some are due to causation and some are simply 
empirical, while the laws of coexistence may be 
^geometrical or natural. The laws of natural co — 
existence are so very great and diverse in nature 
that it is difficult to classify them. 

Now the question is whether it is correct to 
speak of the uniformit}’ of nature as the formal 
ground of Induction. Induction tries to establish 
these various uniformities of nature and to suppose 
them as the ground of induction itself is to commit 
the fallacy of potiiio principii. Besides isolated 
case*^ of uniformity will make the woild disorganised, 
and so chaotic, making our knowledge of this world 
almost impossible. For inference and knowledge 
^^e ret lU ire an oi'ganised or .systematic world or 
cosmos which is possible only Avhen theie is a unitj 
in nature. IMoreover the idea of the uniformities of 
nature suggests and implies that these are the 
various aspects of the Uniformity of Nature. 
Hence the Uniformity of Nature is decpei <ind 
more fundamental than the uniformities of nature, 
and so it is better to treat the Uniformity of Nature 
insU ad of the uniformities of nature as one of the 
formal gi'ounds of induction. To remove ail this 
confu.sion Welton has proposed to treat Uie Unity 
of Nature as the formal ground of Induction instead 
of the Uniformit}' or Uniformities of Nature, and he 
means by it that the universe is not an unchanging 
identitv but that it is a .system which remains 
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idenfcica] with itself amidst the unceasing clianges 
of relations bpt^Ycen its parts. 

Having the various aspects of the Uniformity of 
Nature in mind Mill maintains that it would be 
better to speak of the uniformities of nature mstead 
of the uniformitj' of nature as the formal ground of 
induction. "Welton rightlj'^ holds that our aim is 
surely to establish these uniformities or laws of 
nature in science, but it we assume these unifor- 
mities as the fundamental principle of all reasoning 
and c mception, then the unity of the universe and 
thought will be lost, and the universe will be reduced 
to a chaos. For our reasoning w'e do not require 
separate isolated uniformities or laws but united, 
interrelated laws, i. e., the unity of nature or an 
one in rhe midst of manj^ It should be borne in 
mind that variety also exists in nature and is 
equally necessary for thought and being. 

5 Uniformity and Similarity. Are they 
identical ? Uniformity does not mean mere 
resemblance or similarity but identit}^ of conditions. 
Arguments based on mere resemblance or similarity 
(as in Analogy) are not trustworthy, as mere resem 
bianco cannot give us any firm basis of inference. 
From this standpoint we notice that Mill was not 
right when he meant by the Uniformity of Nature 
that the unknown will be similar to the known and 
the future Avill resemble the past. Welton rightty 
maintains that we have no right to assume these 
truths, nor is it necessaiy for us to assume them 
for the sake of knowledge The future may be un- 
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like lli«' past, without doing any harm to Iniluetlon* 
It* the present day conditions he re|)i‘atod then 
and then only the jtresent da^* phonoinona will o-'^eur 
again. But the Unilbnuitv of Xattin* docs not 
guaKUitr-e the rejietition of the pre.sent dayconditituis. 
Weiton also lioids that from nienj likene.«.s of isolated 
phenomena we can draw nn sate conclusion at any 
time. It is from the identity of condition.'* that 
a reliable conclusion can he an-ivod at. Tn ord«*r 
to avoid this ambiguity Welt on has spoken of ITnity 
rather than I ''niformity as the |)ostiilafe of Induc- 
tion. 

ti. The Origin of our belief in the Uniformity 
of Nature. How do wc get the idea of the t’lii- 
forinitv of Nature i There are three views as to 
the origin of our belief in the Vnifurmilv of 
Nature. 

{ i I The a priori view which maintains that 

hv imuition we asexirtain the truth of the llniforiiiitv 
* *• 

of Nature. It precedes all experience and inference, 
and a** such it is not derived from them. It is also 
presii])po'-cd hy all experience. In laet it make., 
knowledge and experience pos..ilile, Tlih* is 

•^en«’i~dlv iiiaint.ained hv theralionalhtic nr idcali-tic 


sehool to which niO'*t of the logician', of th" pri-‘*iil 
day he|(.ng. But it .‘-hould he disfiugui'-hed from 
the view which maintains that our h'dief in tlie 

uniformity of nature j< innate, i. c..^ if i- im- 
phnleii in our tiiiml in a ready made ihvhioii at »h" 
time of on r birth and w*- ne‘-«l nn; I*-.arn if at all. 
1 Ij»« 1 thi- been the ca*-*"* a child and an illitcmte tuati 
Would have clearly undei^tmyl ihi- |iTinciiil*;. 
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"Wliat is 
the ground 
of oui' beli- 
ef in the 
Uniformity 
of Nature ? 


Is it deri- 
ved from 
intuition ? 


like the past Avitliout doing any harm to Induction, 
If the present da}* conditions he repeated then 
and tlien onl}' the present da}’' phenomena will occur 
again. But the Uniformity of Nature does not 
guarantee the repetition of the present day, conditions. 
Weiton also holds that from mere likeness of isolated 
phenomena we can draw no safe conclusion at an}'" 
time. It is from the identity of conditions that 
a reliable conclusion can be arrived at. In order 
to avoid this ambiguity Weiton has spoken of Unity 
rather than Uniformity as the postulate of Induc- 
tion. 

6. The Origin of our belief in the Uniformity 
of Nature. How do Ave get the idea of the Uni- 
formity of Nature ? There are three views as to 
the origin of our belief in the Uniformity of 
Natiire. 

( i ) The apriori view which maintains that 
by intuition we ascertain the truth of the Uniformity 
of Nature. It precedes all experience and inference, 
and as such it is not derived from them. It is also 
presupposed by all experience. In fact it makes 
knowledge and experience possible. This AueAv is 
generally maintained by the ]’ationalistic or idealistic 
school to Avhich most of the logicians of the present 
da}- belong. But it should be distinguished from 
the view which maintains that our belief in the 

uniformity of ' nature is innate, i. e., it is im- 
planted in our mind in a ready made fashion at the 
time of our birth and we need not learn it at all. 
Had this been the case a child and an illiterate man 
would have clearly understood this principle. 
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( b ) Mill himself states that the course of 
nature is infinitelj’- diverse. 

( c ) Mill holds that vfe get this principle of 
uniformitj^ from facts b}^ abstraction. But this 
cannot be. For if by facts we mean e.xpcrienco 
as felt then in them we shall find only diversib}^ 
and in order to understand it we must impose on 
it the conception of unity. If b}^ facts we mean 
experience as thought then to'^ make abstraction 
possible the idea of unit}’- or uniformity must have 
been jjresent there alread}’-, and so the idea must 
have been aiyriori. 

( d ) Accroding to Mill this principle is derived 
from an agument known as induction by universal 
agreement or induction b}’ simple enumeration 
which Mill himself has condemned as a means of 
attaining knowledge. This is sometimes called the 
Pai’adox of Induction because accroding to this view 
the ground of all Induction is viewed as the conclu- 
sion of a process of Induction known as Simple 
Enumeration Hence if we consider Mill to be 
right in his view of the Uniformity of Nature the 
whole process of Induction will be faulty, probable, 
and nugator}’. ( Welton j 

( e ) Had this idea been derived from observa- 
tion it would have been known to every body. The 
fact that it is confined to the philosophers shows 
that it is not derived from exi)erience This criti- 
cism was urged by Mill against th^' view which 
maintains that the idea of the uniformity of nature 
is an innate idea. 
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Hence we conclude that the notion of the unifor- 
mity of nature is not derived from experience. 

( iii ) The Evolutionist theorj’- which maintains 
that our remote forefathers derived this law of the 
uniformity of nature from experience , i.e, , to them 
this belief was aposf.eriori. But by the process of 
evolution this knowledge became so ingrained in the 
human system that in inheriting our mind and bod}' 
from our parents we now inherit this belief also. 
So this belief is in our mind from our birth, and we 
need not learn it at all. Thus to us this belief is 
apriori. In this wajr what was acquired by our 
i-emote ancestors becomes inhei'ited by us. This 
view is maintained by Herbert Spencer, and his 
school. It ti-ies to reconcile the apriori with the 
aposteriori view. But this can hardly be called 
an explanation as it assumes the veiy thing to be 
exjilained. It does not explain how experience can 
be possible without presupposing the truth of the 
Uniformity of Nature. And so we fail to under- 
stand how our remote ancestors derived it from 
experience. Thus we conclude that the idea of the 
uniformity of nature is an apriori idea, though 
experience is necessary to make it explicit. 

6. The Principle of Similarity. It is popu- 
larly believed that things similar in some respects 
are also similar in other respects, e. g., if A and 
B happen to be similar with regard to the attributes 
P. <1» then if we find that A possesses the attribute 
X we can infer that B will also be similar with 
regard to x. This popular belief lies at the bottom 
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of all analogical arginnents. But it is not a reliable 
principle. If Ram and iSh3*ara happen to come 
^ from the same village, belong to the same class, 
have the same age and the same weight and 
complexion it would be wrong to maintain that if 
one of them is reliable, the other is also reliable. 
This principle is a popular version of the Uniformity 
of Nature and the L^\\of Identity. ^ 


7. Exercises. 

1. What are the Grounds of Induction ? Wh}^ 
are they called Grounds? 

2. What are the Postulates of Induction ? Wh};^ 
are thejr called Postulates ? 

3. What are the Conditions of Induction ? 
Wh^' are they called Conditions ? 

4. What are the Formal Grounds of Induction ? 
Wh}'^ are thej’" called Formal Grounds ? 

5. What are the Material Grounds of Induc- 
tion ? Why are they called Material Grounds ? 

6. Explain the nature of the Grounds of Induc- 
tion. Ai’e thejr assumed or proved in Induction ? 

7. Explain and illustrate the Law of the 
Uniformit}^ of Nature. What part does it plaj'^ 
in Induction ? 

8. Wlijf is nature uniform ? Explaui what is 
meant by the Unitj’- of Nature. 

9. Take a concrete case of inductive reasoning 
and show how it depends on the various Grounds 
of Induction. 
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10. Explain the statement ; The Uniformily 
of Nature is the ultimate major premise of all 
inductions and deductions. 

H. Give a critical estimate of the view that the 
Uniformities of Nature constitute the formal jp:ound 
of Induction. 

12. ^ E.xplain and illustrate the various forms of 
the Uniformity of Nature. With which of them is 
Induction concerned ? 

13. What is the ground of our belief in the 
Uniformity of Nature ? 

14. How do we get the idea of the Uniformitv 
of Nature ? 

15. Give a critical estimate of the view that we 
get the idea of the Uniformitj^ of Nature b}' re- 
peated sense experience. 

16. Explain the Principle of .'Similarity. Is it 
a reliable principle ? What arguments are based on 

17. ( i )_ Explain and illustrate fully the principle 
of the Uniformity of nature. ( ii ) What are the 
fundarnental kinds, classes or branches of Uniformity 
found in Nature ? (iii) What do you consider to be 
the^ gi’ound or, evidence underlying the belief in 
Uniformity ? (iv) What is meant by sa 3 dDg that 
Uniformity is the ground of Induction ? (v) Do you 
■consider cjmlones and earth-quakes to be consistent 
with Uniformitj?^ ? 

_ 18. The ground of Induction is itself an Induc- 
Fullj’’ discuss this. How can a conclusion 
which asserts more than the premises be valid ? 
Fully discuss this question. 

19 Explain and analyse the conception of the 
Uniformity of Nature, and show it forms the founda- 
ifcion of inductive xeasoning. 
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20. How is Uniformity of Nature established ? 
Is it, strictly speaking, an Induction ? Jf not, explain- 
jirecisely its relation to Induction. 

21. Ex^ilain the grounds of Induction, Formal 
and ]\[aterial; and examine the vdew that the ground 
of Induction is itself an Induction. 

22. Explain what is meant bj’^ the Uniformity of 
Nature, Is the law of Uniformity of Nature an 
Induction from experience ^ Discuss the question. 

2o- What is the Paradox of Induction? How 
would you solve it ? Give reasons. 



CHAPTER .IV 

The Law of Causation. 

I. The Significance of the Law of Causa- 
tion. By the Law of Causation we mean that 
every thing or event occurring in nature has a cause. 
There is nothing in this world which is causa sui, 
( self-caused ) not even the distant stars and the 
invisible objects lying at the bottom of the deep 
sea. God is the onljr reality which is causa sai. 
But He is neither a thing not an event of this 
world. So He falls outside the scope of the Law of 
Causation as defined in Logic. This law also implies 
that nothing of this world can happen by chance, 
and there cannot be any new beginning in this 
world of our experience. 

The Law of Causation simplj' tells us that a 
phenomenon, say x, has a cause, say A. The question 
naturally arises whether ( i ) A will always produce 
X and ( ii ) X Avill be always produced by A. Accor- 
ding to many philosophers both these things are 
implied by the Law of Causation because the 
idea of causation implies a necessary relation be- 
tween the cause and its -effect, and necessity implies 
uniformity and universality. Hence according to 
this view the Law of Causation implies three things 
viz., 

( i ) Every event has a cause. ( The Law of 
Caustion proper.) 
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(ii) Tiic same cause alww's produces the same 
effect. ( The La\v ofihe Uniformity of Nature). ^ 

( iii ) Au event • is always produced hy l.he 
same cause. ( Tlie Law of lleciju'ocity ). 

There are some logicians who do not accept this 
view and maintain tliat the Law of Causation does 
not tell us that the same cause produces the same 
effect. This infromation is given to us by the 
Uniforinit}' of Nature. The Law of Causation does 
not tell us also that the same event is produced by 
the same cause. 'Phis information is given to us by 
the Law of Bccijn-ocitv. So if we know that there 
is a causal relation between A and x, then on the 
strength of the Uniformity of Nature and the Law 
of Reciprocity we can generalise the relation and 
maintain that A will always produce x, and x will 
bo always produced by A. Thus causal relations 
alwa3'S give rise t,o universal real propositions 
the establishment of which is the ffindamental 
problem of Induction. We find that the .sun 
produces light and so we can generalise this 
relation and maintain that the suij ahva^'S ju'oduces 
light , i. o., it produced light in the past and it will 
produce light in the future. 

But here Ave come across one great difficulty. We 
find no doubt that whenever the sun is up we have, 
light but we find in our experience that light is 
produced by different agents., viz., the sun, the moon 
gas, electricitj’^, etc. Other OA’ents are: found to be 
produced bj^ different things (the plurality of causes), 
e, g-, death is caused by disease, burning, drowning, 
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et«. Yet the Law of Reciprocity assures us that 
the same event is always pi’oduccd by the same 
cause. In Logic and Science tlie Law of Causation 
is always viewed as modified hj- the Uniformity 
of Nature and the Law of Reciprocity, and the cause 
is .defined as the invariable, unconditional, and 
immediate antecedent of an event and is quantita- 
tively equal to it. 

According to this definition the causal relation 
becomes a case of succession. Bnt man}* philosophers 
maintain that no case of succession can give us any 
adequate idea of causation, for causation implies 
j)roduction and a necessai*y connection. This neces- 
sit}' existing between the cause and the effect can 
never he understood in a simple case of succession. 
Hence the above noted definition of the cause is not 
a definition. Had it been a definition the word 
‘unconditional’ would have been objectionable as 
condition is a synon3*m of cause and one cannot be 
understood apart from the other. The idea of 
causation is so very fundamental that it cannot be 
defined as any and ever}’- definition presupposes it. 
It is regarded by many as one of the very forms of 
thinking and so every case of thinking implies' it and 
rests on it. For this reason the scientific . definition 
of the cause as a definition is defective. • ■ It simply 
gives us the marks or signs by means of which the 
causal relation can be detected, , ■ - 

The scientific conception of ■ the causal relation 
makes the cause and its effect , quantitatively 'equal. 
This quantitative equivalence between the cause and 



86 


LOGIC 


its effect can hardlj’- be established in our investiga- 
tion. It is neglected in popular enquiry’ and this 
neglect is the spring of many of our striking fallacies. 
For establishing this quantitative equivalence we 
should see whether the phenomena treated as cause 
and effect vary corresponding!}'^, When one varies 

and the other remains constant or when the two 

.\ 

phenomena vary in quite different, manners theie 
cannot be any quantitative equivalence between 
them and so there cannot be any causal relation 
between them. This corresponding variation of the 
cause and its effect is due to the transference of 
energy from the cause to the effect and their quanti- 
tative equivalence. It is on account of this transfer- 
ence and transformation of energy that changes take 
place in this world and events are produced. This 
quantitative equivalence destroys the barrier exis- 
ting between the cause and its effect and thereby 
makes the cause merge into the effect. Thus 
according to the scientific view the effect is' nothing 
but the cause transformed; the cause and the effect 
are not two different things, they are rather the two 
aspects or two stages of one and the same thing. 

According to Bain the Law of Causation- implies 
that “in every .change there is uniformity of 
connexion between the antecedents and the con- 
sequents.” “Every event that happens is definitely 
and uniformly connected with some prior event or 
events, .which happening, it happens: which failing, 
it fails. The kindling of a fire follows regularly on the 
prior events of making a heap of combustibles and 
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ti])plying a light." This Law of Cansat.iou “di.-iiies 
jmre spontaneity of conimenccnient". It also "fliMues 
that events follow one another irregularly, iinlisfri- 
ininately or capriciously.” “In .short, the law is the 
statement of uniformity in the succession of events " 
(Bain: Induction pp. 15-1(5). All these ox]>lana(iuns 
.suppose the idea of dejiendencc or prodiietiun 
without which the Law of Causation can neither 
he understood nor explained. “The notion of i-au'-e 
being the root of the whole theory of Induorion. 
it is indispensable that the idea .should, at the 
outset of our inquiry, be, with the utmost practi- 
cable degree of precison, fixed and delevminoil." 
(Mill : System of Logic -Bk 111. Ch V Sec. 2 ). Bur 
it is very difficult, if not iiupo.ssible, to convey an 
accurate idea of causation and without pi'esupposing 
this very idea of causation and without introducing 
the notions of production, origin, and dependence 
wliich all follow from the notion of causation. 

In Logic the problem of causation is equivalent 
to finding out the marks or signs bj’’ which a causal 
relation can be detected and established. In meta- 
phj'sics the problem of causation is identical with an 
inquiry into the nature of the cause, i. e., whether it 
is a thing, phenomenon, force, matter, or reason. In 
Psychology the problem of causation is identical 
with the problem of ' the origin of the idea of 
Causation, i. e,, how we get at the idea. 

2: The Scientific or Logical view of Causa- 
tion. When tw;o facts or phenomena are causally related 
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to one another one of them is the antecedent and the’ 
other is the consequent. This antecedent is called 
the cause and its consequent is called the effect. 
Thus the cause is relative to a given phenomenon 
called its effect. We know alreadj- that cause and 
effect are relative terms and are therefore’ organicallj’' 
connected and so one of them cannot exist apart 
from the other. There is not a set of things known 
as causes and a set of things known as effects. 
One and the same phenomenon may be treated as 
the cause in one relation and as an effect in another- 
relationj e. g., hunger is the cause of appetite and 
it is at the same time, the effect of abstinence from 
food for a long time. Similarly cloud is the cause 
of rain wliile it is the effect of the condensation of 
‘water-vapour in the atmosphere. 

The marks of the causal relation may be divided 
into the qualitative and the quantitative marks. 

The Qualitative Marks : — 

( i ) The causal relation is a relation of 
succession between t wo facts or phenomena,, 
i. e., if one fact or phenomenon is causally related 
to another then one will follow the other and that 
which follows is the consequent and that whicli- 
precedes is the antecedent- \Ve know that earth- 
quake causes man}’- houses tumble down. So the 
enrth-quake happens first, and after this the tumbling 
down of the houses takes place. 

But it is not possible for us to say when the- 
cause ceases and the effect begins. They are differen- 
tiated fibm ' each other by some geometrical line 
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-ivhicli has no breadth. Yet the cause implies the 
relative futuritj of the effect and the dependence of 
the effect on the cause. The effect also implies the 
relative priority of the cause. For this reason 
the causal relation is abvays treated as a case of 
succession and the cause is believed to precede the 
effect ahvays. But it should be remembered that 
the causal relation is not a case of mere sequence or 
succession. There is succession between 1, 2, 3, yet 
there is no causal relation amongst them. Simi- 
larly there is succession between Sunday and raon- 
day yet they are not treated as cause and effect. 
Thus we see that every case of succession is not a 
case of causation though every case of causation is a 
case of succession. Causation is more than succss- 
ion. 

( ii ) The effect is always an event, that is to 
say, not a new thing but a change in some thing 
or in the relative position of things. That which 
happens in time is said to be an event. So the 
logical problem of causation is concerned with the 
facts and phenomena occurring in nature. In other 
words the changes in the nature and relative posi- 
tion of the already existing natural things and the 
wocesses by means of which they are brought into 
e^tence constitute the logical problem of causation.. 
It Ivas nothing to do with the problem of creation or 
the nmv beginning of things. ■ So the logical problem 
of causation is strictly circumscribed by the bounds 
of space and time. Earth-quake, death, disease, 
war, .storm; etc., all fall within the. scope of the Law 
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of Causation. When this law is applied to things 
which are not events we commit the transcendental 
fallacy, a form of Non-causa-pro causa. There :is 
no catastrophe of the world which is uncaused, 
but tliis does not mean that we know the cause of 
every catastrophe or event. The great earth-quake 
of Quetta will again happen if the circumstances 
producing it happen again. / 

(hi) But every case of succession is not a case of 
causal relation, in other words, ah}’- and ever}* 
antecedent is not the cause. For succession may be 
variable or invariable. Variable succession is not 
and cannot be regarded as a mark of causal relation, 
e. g., the bai’king of a dog may or may not follow 
or precede the falling of a picture, so the one cannot 
be causally related to the other. A case of success- 
ion in order to be causal must be invariable in 
character. This follows from the Uniformity of 
Nature ■which tells us that the same cause is always 
followed by the same effect. The case of invariable 
succession is best seen in the following cases : — the 
sun and its light, poison and death, the application 
of heat to a metal and the expansion of its volume. 

( iv ) But even invariable succession is not a 
sure mark of causation. For we know that day is 
always followed by night yet day is not the cause of 
night. Invariable succession, in order to be causal 
in character, must be unconditional, i. e., the 
invariable antecedent by itself and ■without taking 
the assistance of any other thing must be able to 
produce the consequent. In the previous, example 
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da}' by itself and without the lielp of tlie sun and 
the rotation of tlie earth cannot produce nigiit. fdo 
it is not an unconditional antecedent and is not tlui 
cause of ni^ht. For the same reason the flash of 
light which invariably precedes the report of a gun is 
not its cause and the death of rats which invariably 
])recedes plague is not its cause. The uncondi- 
tionality of the cause shows that there is a necessary 
connection between the cause and its effect and 
so when the cause is present the effect must be 
-present, when the cause is absent the effect must 
be absent, when the effect is present the cause 
must be present and when the .effect is absent the 
cause also must be absent. Thus the cause is the 
self-sufficient circumstance whose presence makes 
the effect and whose absence arrests it. 

According to Hume the cause is simply the 
invariable antecedent. According to this definition 
Sunday becomes the cause of monday, youth becomes 
the the cause of old age, winter becomes the cause of 
spring, the fall of mercury in the barometer becomes 
the cause of storm as there is invariable succession 
in each of these cases. But as a matter of fact no 
one of these pairs can be treated as cause and effect. 
For this reason Mill has abandoned the empirical 
interpretation of ,the causal relation as a case of 
invariable succession and has introduced the notion 
of production in it by adding the word unconditional 
to Hum’e definition of the cause. As a definition 
Mill’s definition, is also objectionable, because (i) • the 
word unconditional makes the definition he^tive. 
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( ii ) condition is a synonym of the cause and pro- 
duction is a synon3mi of causation. So tliis defini- 
tion is not only negative but it involves the fallac}'- 
of petitio principii. The idea of the cause is so 
ver^’’ iundamental that no definition of the cause 
can be fi.’ee from this fallacy of petiUo prvncipii. 

( V ) The cause is the immediate antecedent, 
i. e,. there is no interval of time between the 
happening of the cause and the happening of the 
effect. So a remote antecedent cannot be scientifi- 
call}’- treated as the cause. This characteristic 
follows from the unconditional characteristic of the 
causal relation. If an invariable antecedent is 
unconditional there iS no reason whj* it shall have 
to wait for the production of its effect. When 
there is an interval of time between an antecedent 
and its supposed effect, the antecedent cannot be 
treated scientifically as the true cause. But when 
the cause and the effect are progressive or accumula- 
ting then there might be some interval between 
one part of the cause and another part of the effect 
and a part of the effect maj’ precede a part of the 
cause. The accumulation of savings makes a man 
wealthy. But a praticular case of saving is due' to 
industry and economy, Once a saving is made 
another fresh effort in industry and economy is 
needed for making another saving. Thus one 
saving may be followed by industry and economy. 
But there must' be invariable sequence between 
the corresponding factors of the progressing cause 
and the accumulated effect; ■ ■ 
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Thus qualitative!}'^ the cause is the invariable, 
unconditional, immediate antecedent of a given 
phenomenon which is called its effect. 

The Quantitative Marks 
Quantitatively the amount of energy in the cause 
is equal to the amount of energy in the effect. 
According to the quantitative view the cause does 
not simply precede the effect but also produces it. 
The effect is not different from the cause — *it is the 
cause transfoi’med. The effect is no doubt different 
from its cause in from, but with respect to its 
matUr there is no difference, as for instance, ice 
appears to be different from the water out of which 
it is manufactured. 3"et with respect to its matter 
it is exactly identical with the water out of which 
it has been made. 

But it is very difficult to prove this quantita- 
tive equivalence between the cause and its effect. 
So Logic insists that in order to establish a causal 
relation between two phenomena we should show 
the transference of energy from the supposed cause 
to its effect. When the transference of energy 
cannot be ]Droved, the causal relation established 
b}' us remains doubtful in character. 

This transference of energy from the cause to its 
effect cannot be satisfactorily proved in many cases. 
So Logic requires thtit before establishing the 
causal relation between two phenomena we should 
prove that there is corresponding quantitative 
variation between the supposed cause and its effect. 
In other words if one of them is ■ made to vary 



94 


LOGIC 


quantitatively the other will vary quantitatively 
and must not remain stationary, if there be a causal 
relation between them. If one varies and the .other 
remains constant there cannot be any causal relation 
between them. 

This quantitative aspect of the causal relation 
follows -from the doctrine of the Conserva- 
tion of Energy. According to this doctrine we 
believe that every thing or phenomenon of this 
world has been evolved out of energ}' and is an 
embodiment of energy. But the sum tota.l of 
energ3- of this universe is always constant. It does 
not increase nor does it decrease. But energj'^ can 
be transferred from one place to another and one 
kind of energy can be transformed into another 
kind of energy. In this process of 'transformation 
and transference work is done, event is produced 
and changes are brought into existence, but no 
amount of energy is lost. In the power house 
electrical energy is manufactured. This energy 
is transferred from the power house to the various 
street lights and to many residential quarters and 
there it is trasformed into light and movement of 
fans. Again the energy of the food taken by us 
is transformed into blood and muscles. W^hen we 
ride on a bicycle, this energy of our blood and 
muscles is transformed into the motion of this 
bicycle. Similarly energy stored up in petrol is 
changed into gas and the energy of this gas is 
changed into the movement of the motor car. 

Thus quantitatively the causal relation implies 
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(i) that the quantity of energy in the cause is 
equal to the amount of energy in the effect : 

(ii) that the effect is nothing but the cause trans- 
formed — ^it is identical ■with the cause with 
respect to its matter though different in form : 

(iii) that the cause does not simply precede the 
effect but produces it ; 

(iv) that the energy is transferred from the cause 
to its effect ; 

(v) and that any variation in the cause will imply 
a corresponding variation in the effect. 

Thus combining the qualitative and the quantita- 
tive marks of the causal relation the cause is said to 
be the invariable, unconditional and immediate ante- 
cedent of a given phenomenon which is called its 
effect and is quantitatively equal to it. 

3. The Rationalistic view of causation. The 
' rationalistic logicians maintain that the cause is 
not the phenomenal antecedent but a noumenal 
agent, energy, force or power which produces the 
effect. The empirical or the nominalistic view 
reduces causation to a form of succession whereas 
the rationalistic view holds that causation can never 
be identical with an}’’ form of succession, and in 
order to understand the principle of causation we 
must suppose an inner force or power producing 
the effect. The inner power under the influence 
of some circumstances brings into existence some 
effect or phenomenon which we call its effect. Thus 
according to this view some force or energy passes 
out of the agent which we call the cause and enters 
into an object and transforms it in a peculiar way 
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wliich transformation is calkd the effect. TIius accor- 
ding to this view the cause is not that wliich 
precedes but that whicli ju'oduces the effect. 
I\Ioreover according to tliis view the cause rather 
co-exists with the effect and tiie causal principle 
means that every event is due to^a power sufficient 
for the purpose and not that every event is preced- 
ed by an invariable event, and that there is a bond 
of necessity between the cause and its effect. 

4. Hume’s view of Causation. Hume main- 
tains that the rationalistic view of causation is 
not based upon perception and inference based upon 
perception and as such must be rejected as fictitious. 
In all forms of causation we can experience only 
succession and not production. We cannot observe 
any force or power passing or doing any work or 
producing anj’^ effect. So Hume maintains that 
the notion of production or transference of force 
or power or energy’’ is onh!^ a matter of assumption 
and causation is identical with invariable succession. 
Hume also says that experience does not give us 
any idea of necessitj’’, and so causation cannot implj^ 
jiecessitj'^ as it is derived from experience. His 
view is also called the nominalistic or the empirical 
view of causation. Hume’s doctrine of causation 
has been analj'^sed into the following elements. 
According to his view reality is merel)* a succession 
of sensuous impression or phenomenon and causation 
is the idea of invariable succession in our sensation 
and so it is a form of expectation only. This idea 
is derived from, repetition in experience of some 
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definite individual sequence. Thus according to 
Hume causation is nothing but a feeling of expecta- 
tion due to custom. 

The hollowness of Hume’s view has been pointed 
out b}’ Kant. The veiy fact that experience does 
not give us an}’ idea of necessity shows that causa- 
tion cannot be derived from experience because 
causation implies necessity. ‘‘According to Kant 
Causality is a structural necessity of our mental 
constitution”. It is a form of thought and as such 
it makes thinldng and experience possible. 

According to the Pragmatists Causality is a 
postulate. It is neither derived from experience 
nor from the necessity of reason but from postulation 
All axioms are really postulates at their root. 
When a proposition is sufficiently verified in use, 
i. e., when we can utilise it in our work (pragma) 
in a sufficient number of instances then it is accepted 
as true, i. e., it becomes a postulate Causalit}’- is 
workable and so it is real. 

5, Aristotle’s analysis of the Cause. Accord- 
ing to Aristotle the cause contains within it four 
factors which conjoiutty act in order to produce the 
effect but separately they cannot exist nor can they 
do any thing whatsoever. Each of these factors is 
called a cause ' but strictly speaking it can be called 
only a condition because independently it cannot 
produce the effect. Now these four factors are known 
as (1) the material cause, (2) the efficient cause, 
(3) the formal cause, and (4) the final cause. Now we 
may explain these factors by taldng an example such as 



98 


•LOGIC 


a table. The wood of the table is its material cause, 
the energy of the carpenter is its efficient cause, the 
pattern or model in the mind of the carpenter, i. e., 
the shape of the table is its formal cause and the 
end, i. e., the profit of the carpenter and the utility 
of the table is its final cause. Without wood the 
table in question would not have- been made and 
without the energy of the carpenter the wood 
would not have been shaped into a table. So the 
wood and the energy of the carpenter are both 
necessary for bringing that table into existence. 
Unless the wood is given the shape of a table the 
table in question will not be made. Hence the form 
of the table is equallj'^ necessary. The carpenter 
would not have spent his energy in making the 
table had there been no profit in the matter, and 
the table would not have been made had it been 
completely useless. Hence without the final cause 
the table would not have been made. Thus all these 
causes are equally necessry for the table. Scientifi- 
cally this analysis is wide, because our mental images 
or forms of objects in the mind of a person and the 
purpose or final cause can hardly be made the sub- 
ject matter of measurement, observation and experi- 
ment and consequent^ thej'^ are neglected in science. 
So the scientific view of causation is based on the 
remaining two factors, namelj'-, the material and 
the efficient cause. From the logical standpoint 
all the causes of Aristotle are not causes but condi- 
tions because no one of them can independently 
produce the phenomenon in question. 
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6. The Principle of Ground and Cosequent : 
Causa essendi and Causa cognoscendi : the 
Cause and the Because : The cause of the 
existence of a phenomenon is called its causa 
essendi. In other -words the agents and circum- 
stances which actually produce a phenomenon 
constitute its causa essendi while the cause of 
our knowledge of the existence of a iihenomenon is 
called causa cognoscendi, i. e., the reason on 
account of which we believe that a particular thing 
will happen is called its causa cognoscendi. In 
many cases causa cognoscendi is identical with the 
causa essendi but in manj' cases they are different. 
As for instance while travelling in a train if we see 
the signal set against the train we at once know 
that the train will stop. Hence that signal is the 
causa cognoscendi of the stopping- of the train but 
the causa essendi is the application of the brake 
b}-- the driver of the engine. 

The cause essendi is called by the name cause 
and the phenomenon produced is called effect, while 
the causa cognoscendi is called ground and 
the phenomenon which is known to happen is called 
its consequent. Thus the law of causation gives 
rise to the principle of ground and consequent. 
When the ground is full}’- stated or defined it be- 
comes identical with the cause. If Ave refer us to 
the railway mechanism and the arrangement of 
the signals and the instruction to the drivers it 
AAdll be clear to us why the driver applies the brake 
and stops the engine when the signal is set against 



100 


LOGIC 


him. All these really constitute the ground of 
our knowing that the train will stop, These also 
constitute the total cause of the stopping of the 
train. When the cause of our true knowledge and 
the real cause of a thing are stated completely it will 
he found that thay are one and the same. 

The principle of ground and consequent implies 
that every judgment or inference, whether deductive 
or inductive must he based upon some ground or 
3 reason. This principle negatives all dogmative 
assertion and criticism. It is often extended to 
cases of existence and then it imjDlies moreover 
that ever}^ fact or phenomenon of this world is 
gi'ounded on some adequate agents and circums- 
tances and it cannot happen hj’’ chance. Thus this 
principle governs both reality and knowledge. As 
reality and existence cannot be thought of and 
understood apart from knowledge and as we are 
concerned with the knowledge of existence, i. e., 
existence and realit}’’ as interpreted hy our mind 
so we are more concerned with the principle of 
ground and consequent than with the l^law of causa- 
tion which is mainly concerned with realitj’^ as such 
apart from our knowledge of reality. Both these 
principles are assumed in all reasoning and so thej^ 
are called the formal grounds of Induction, nay of 
all reasoning. We should remember that the 
ultimate ground of all knowledge and existence is 
the entire system of the universe. 

The ground is called the reason or Because and 
often a distinction is drawn between the cause and 
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the Because, one having reference to realitj’ and the 
other having reference to knowledge. Thus ground, 1 
reason and Because mean the same thing. When the j 
ground is fully stated we can infer the consequent ‘ 
from the ground and vice versa. But when it is 
partially stated it cannot be so inferred. When 
all the essential conditions arc set forth we 


have an instance of a perfectly defined 
ground but when the}’’ are stated only in part w'e 
have only an incomplete ground, In such a 
we cannot infer the consequent from the groflil!^ ] 
nor the ground from the consequent. Having ^hi0 < 
in mind it has been remarked that every Cau^ i 
the Because, but every Because does not ap^a ^ ^ 
as a cause. Cause implies sequence, but Ee^®^ 
does not. Cause and the ground cannot be di^in- 
guished at the perfect stage, i. e,, -when thej’^r^ 
full}'- defined. Complete cause like the cbmjfetSS 
ground corresponds to a H 3 *pothetical judg^S^ 
whose antecedent and consequent are recipr®(J&^i^'“^ 
(Welton). 

7. Cause and Condition. A catise^&^\tha^‘^'^i 


which is required in its totality for We j^ijuction i 
of its effect. It is generallj* a very^o^>l^ thing 
containing within it many factors |j ef^cp of which 
is called a condition. Thus a condffiql\M^^wI;y'^’a 
part oT factor of a cause the help of •wlfieh’ps-E e- : 
quired for the production of the effect. H<aaan ’ 


quired for the production of the effect. jH^aaapy^^'S 
of these factors be wanting the effect in^quest^" 
will not be produced.' Thus any thing which. Kelps, 
destroys, or retards an effect is called a condition. 
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The sumtotal of the conditions constitute a cause. 
If A, B, C, D are all required for the production 
of the effect x then A is a condition of x, B is 
also a condition of x and so are ■ C and D. But 
A, B, C and D together and not separatelj'- con- 
stitute the cause of x. Similarly ''we know that 
the combination of hydrogen and oxygen in some 
definite proportion causes water. So .hydrogen is 
a condition of water and so is oxygen. These two 
conditions together with their definite proportion 
constitute water. 

Positive and Negative Conditions. A posi- 
tive condition is that which cannot be omitted 
without aftecting the effect, i. e., without prejudice 
to the effect. If we omit a positive condition the 
very same effect will not be produced. So the 
presence of the positive conditions is always nece- 
ssary for the production of the effect. Whereas the 
negative condition is that which cannot be intro- 
duced without affecting or frustrating the effect. 
Therefore a negative condition is that whose absence 
is necessary for the production of the effect. If 
it be present the effect ivill not be produced and so 
it is a condition which must remain always absent. 
Supposing a picture is hanging from a wall. We 
cut its string and- the picture falls to the ground. 
Now the effect here is the falling of the picture 
and the cutting of the string is a positive condition, 
because if it be not present the picture inll not 
fall. Another positive condition is gi-avity. Any 
support other than that of the string is a negative 
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condition as it must remain always absent to make 
the picture fall. If it be introduced, i. e., if the 
pictui’c be supported by things other than the string 
then the picture will not fall even if the string 
is cut. We may note here that the cause of the 
falling of the picture consists of the cutting of the 
string, the gravity of the earth, and the absence of 
any support other than the .string. Thus wo find 
that a cause is nothing but the assemblage of the 
positive and the negative conditions of the efibet — 
the positive ones being present and the n<;gative 
ones being absent. There is some objection against 
the description of the cause as the as'ievihlage 
of the positive and negative conditions or the 
totality of the positive and the negative conditions. 
The words 'assemblage’ and ‘totality’ imply the pre- 
sence of all the factors assembled or totalled. Hence 
the absence of the negative conditions is not ex- 
jiressed by the expressions assemblage or totality 
of conditions. 

8. The Conaposition of Causes and the 
Intermixture of Effects. When the separate 
effects of several causes become mixed together in 
such a way that neither of them can be directly 
detected in this mixture then we have an instance 
of the intermixture of effects. When several causes 
co-operate, i.e., aid or counteract upon one another 
■so as to produce one joint effect then they give rise 
to combination of causes, sum of causes, or more 
correctly, composition of causes. The separate 
effects of. each of these co-operating or counterac t :i 
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causes (more correctly conditions) mix together in 
such a fashion that they give rise to a joint effect, 
i.e,, an intermixture of effects in which the separate 
effects cannot he distinguished at all. . Thus the 
composition of causes invariabl}’ implies an inter • 
mixture of effects. When the conditions and their 
effects which are mixed together in the above men- 
tioned wa}' are of the same kind we have a homo- 
geneous intermixture of effects, e.g,, when two 
or more forces acting at a point produce a resultant 
force we have an instance of a homogeneous inter- 
mixture of effects as the resulting force and the 
acting forces are of the same kind. The}’ differ 
on!}’ in degree. In a tug of war also we find homo- 
geneous intermixture of effects. This kind of in- 
termixture is also described as the mechanical 
intermixture of effects. 

But when the joint effect and the operating 
conditions or composing causes are of different lands 
or nature we get an instance of heteropathic inter- 
mixture of effects. As for instance when we mix 
hydrogen with ox3'gen in some definite proportion 
we get water if an electric current is passed through 
the mixture. But this water is utterly different 
from hj^drogen and oxygen. So water is an example 
of the heteropathic intermixture of effects. Similarl}’ 
blood which is utterl}’’ different from the food taken 
by us is an instance of the heteropathic intermixture 
of effects. Mental and biological phenomena 
illustrate this kind of intermixture. Such an inter- 
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niixturo is also described as chemical or hetero- 
geneous intermixture of eftecls. 

9. The Popular view of Causation, Though 
scientifically and logically a cause is the sum-total of 
the positive and t he negative conditions yet ordinarily 
in practice ^Ye neglect the negative conditions al- 
together, and do not consider all the positive 
conditions even ; but ve consider popularly onl}’ 
that condition Yvhich appears to ho novel and 
attractive, and take that single condition to he the 
cause of the entire effect, 1’hus when a nuin slips 
and falls to the gi’ound, we say that his slipping 
is the cause of his fiill. But in fact slipping is 
only a condition. Gravity is reall}' the most import- 
ant condition of the fall, hut from the popular point 
of view it is entirely neglected. The plain man 
generally neglects the collocation and identifies the 
cause with only the inciting power. The popular 
cause is sometimes described as the occasion. Popu- 
larly the cause is not regarded as the immediate 
antecedent. The plain man will say that a man 
takes poison first and death follows at a longer or 
shorter interval and so the poison is the cause of 
the effect death. But here the words cause and 
effect are used arbitrarily. By cause is meant the 
beginning of a chain of sequent events and hj- 
effect one of those events selected because of its 
arbitrary character. But in some cases the plain 
man does not place importance upon any sequence 
whatsoever, e.g., he would grant that the contact 
with water wets at the very moment of the contact 
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find that the weigiit of the atmosphere and the 
height of the mercur}’’ balanced by it in the baro- 
meter are sjmchronous and not successive. (Welton). 

10. The Collocation and the Moving or the 
inciting power. For the production of ' an event 
we do not require simply an amount'^ of energy but 
also a set of circumstances for the transference of 
this energy from one place to another and also for 
its transformation. Now the energy required for 
the production of a phenomenon is called the moving 
power, while the circumstances needed for its trans- 
ference and transformation is called its collocation, 
e. g. , the petrol used in the motor car is the moving 
power and the machinery of the engine and' the car 
which transfers and transforms the energj" of the 
petrol is called the collocation. The combination 
and co-operation of the two are necessary for the 
production of the phenomenon, namely, the motion 
of the car. It wfis Bain who analysed the cause into 
the moving power and a collocation or arrangement 
of circumstances. These two factors of the cause 
make up the real cause and it is onl}^ by ellipsis or 
omission that one is viewed' as the entire or sole 
cause of the jihenomenon called its effect. They 
cannot independently produce the effect. When a 
demagogue by making a speech stirs up a mob to a 
riot, the speech is the moving or inciting power and 
the mob already in a state of smouldering passion 
and a street convenient to be wrecked are the collo- 
cation. These together make up the cause of the riot. 
When again a small quantity of poison kills a man 
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the poison is tlie moving jiov'cr nncl the norvo-muson- 
lar system and the organs of the body constitute the 
collocation. It is only hy ellipds that the speech 
and the poison are considered to be the cause of the 
riot and death. Hence when tve find that great, 
events spring ti]) from trivial things, i. e.. tvhen 
sufficient energy cannot be found in t.he incitinu 
power to account for the ci’fect we must look for it 
in the collocation which is often erroneously suppo- 
sed to be passive. Collocntion contains within it 
energy and force, and acts on the moving power and 
hel]is it in producing the effects Theretbre collocation 
is active like the moving power though it is not 
visibly active. 

Sometimes collocation is viewed as the cause of 
a phenomenon, e. g. the eclipse is produced by the 
collocation of the sun, moon and the earth. Again the 
moving stream is neglected and the hydraulic press 
to which the power of the stream or water is trans- 
ferred is considered to be the cause of the work done 
in the press. An effect also ma}’- appear in the form 
of collocation as in the case of a building which is 
nothing but the collocation or arrangement of the 
materials used in the building. 

With regard to the distinction beween collocation 
and moving power Mill has pointed out that as the 
cause of an event ennsists of objects and circumstan- 
ces and as objects have forces in the form of 
properties or qualities the so called inciting power is 
included within the definition of the cause and any 
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special mention of it is not only unnecessary but 
tautological. 

11. Potential Energy and Kinetic Energy. 

Potential energy is the energy of a thing in position 
whereas kinetic energy is the energy of a thing in 
motion. We have potential energy iiT our muscles, 
but we spend kinetic energy when we strike a 
person. Here the potential energy of the muscles 
is transformed into the kinetic energ}^ Petrol, 
water, coal, etc. , have all potential energ}’-, whereas 
the running engine, the running car, stream, a 
pendulum in motion display kinetic energy. A rail- 
waj' engine at a station exhibits potential energj’', 
but when it is in motion it exhibits kinetic energy. 
Things which are visibly inactive possess potential 
energy. 

12. Force. Force is almost identical with 
kinetic energy and moving power. It is better to 
identify it with energy, for it is reall}' the capacity 
of a thing to do some work. Force has also been 
defined as matter in motion, and events are brought 
into existence by the forces exerted by objects. 
But this explanation of force will exclude all 
non-material phenomena from the category of causa- 
tion, for according to it there is no causation unless 
there is an inciting power or force and there is no 
force unless there is matter in motion. Therefore 
there is no causation unless there is matter in motion. 
This will surely exclude all mental phenomena and 
will undulj’- limit the scope of the principle of univer- 
sal causation. ( Dr. P. K. Ray )> Hence to be 
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consisbent; we slioulcl abandon the mathematical 
definition of force and should identify it v/ith 
energy. 

13. Tendency. When a cause consists of t’^vo 
or more factors, conditions or forces we may consider 
what effect an}* one of them would have produced if 
it operated alone, that is to say, its tendency. Idius 
tendenc}' ma}* be defined as the ability of a condi- 
tion when taken by itself to produce an effect. The 
two ends of a bow pull at the string of the bow in 
the opposite direction without producing any visible 
effect. So their effects seem to be frustrated or 
annahilated. But the effects cannot be frustrated 
or annahilated. They remain in the from of a 
tendency and they become visible as soon as the 
counteracting forces are removed. As soon as the 
string of the bow is severed we find the effect of the 
puli exerted by the two ends of the bow. Similarly 
the effect of gra'vdty on a punkha becomes manifest 
as soon as the cords hanging the punkha are cut. 

When two forces act upon a rigid body in 
different directions then each of these forces has got 
a tendency to move the body in its own direction. 
Thus the separate effect of each of these forces when 
they act independent!}’’ of each other is the tendency 
of that force. This is illustrated in the parallelogram 
of forces. Sometimes separate tendencies of com- 
bined forces may be theoretically distinguished as 
in the case of a px’ojectile which we know is subject 
to two forces, viz., one makes it tend to travel in 
the straight line of discharge while the other makes 
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it tend to fall straight to the ground. This theo- 
retical separation of the different tendencies is 
technically called Resolution. Sometimes a ten- 
dency may he phj'sicall}’’ separated or isolated, e. g,^ 
^Yhen a feather is dropped it is found to drift to and 
fro before coming to the ground. This is due to 
the tendenc}’ of gravity to drag iti;o the earth and 
the tendency of air to resist its motion to the earth. 
Now if the feather be dropped in a vacuum it will 
fall to the ground in a straight line just Idve a 
piece of metal. Here the tendencj’^ of air to resist the 
motion of the feather has been isolated physically, 
This kind of physical isolation is technicallj'- called 
Elimination of the counter-acting circumstances. 

14. Resultant, Counteraction and Tension : 

Resultant. When a cause consists of two or 
more conditions or forces then the total or net 
effect of all these forces or conditions is called their 
Re.sultant. Thus resultant is the net effect pro- 
duced b}^ the combin.ation of the separate tenden- 
cies of all the conditions forming the cause. Thus 
in a parallelogram of forces the diagonal represents 
the resultant of the forces acting upon the body. 

Counter-action. B}’- counter-action we mean the 
modification of the tendencj^ of one force or condi- 
tion by the tendency of another force or condition. 
A tendencj'’ may be counter-acted either partially 
or wholly. When two ’ equal and opposite forces 
act upon a rigid body it remains in equilibrium 
as the tendency of one force is wholly counter-acted 
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by the tendency of the other. But no tendency 
can be destroyed or suspended Hence forces are 
said to be in equilibrium when they balance one 
another and no motion is produced as in a tug of 
war when no party can move the other in any 
direction. In other cases the tendency of one force 
is only partially modified bj" the tendency of other 
forces. Thus counteraction is nothincf but a form 
of the modification of forces. When two or more 
forces act upon one another in the same direction 
they ai-e said to co-operate with or aid one another 
as their effects become added to one another and 
become consequently increased. 

Tension. By Tension we mean the force that 
is exerted upon a bod3* with the help of a rope or 
string. This force is equal in every part of the 
rope or string. Tension is sometimes identified 
with tendency'. 

15. Mutuality of Cause and Effect and 
Reciprocity. We find in our experience that in- 
dustrj' produces wealth and also w'ealth jiroduces 
industry. Similarly drunkenness produces povert}' 
and poverty produces drunkenness, Similarlj- the 
more the povertj* the more the number of children ; 
and the more the number of children the more is 
the poverty. All these are instances of the mutua- 
lity of the cause and effect; , If two events are so 
related that each of them is capable of producing 
the other then there is a mutuality of cause and 
effect between them. 

In Logic there cannot be any mutuality of such 
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a nature between a cause and its effect, because such 
causes and effects are antecedents in some cases 
and consequents in other cases. Hence no one of 
them can be treated as the invariable antecedent. 
For this reason the mutuality , of cause and 
effect is treated as a fallacy in Logic, and events 
related to one another as mutual cause and effect 
are considered to be false causes and effects. But 
there is a kind of mutual relation between the 
cause and its effect which is recognised in Logic. 
If there be no effect there cannot be any cause and 
if there be no cause there cannot be any effect. A 
is called the cause because it produces the effect x. 
Hence the existence of the effect x is the reason on 
account of which the cause is called a cause. Hence 
the effect is called the because or reason of the 
cause. 

From the quantitative standpoint there is every 
justification for accepting the reciprocal relation 
between the cause and its effect. Every instance 
of causation becomes reciprocal when the conditions 
are fiilly known. If X be the total cause of y and 
if y be the total effect of X then X can be trans- 
formed into y and also can be transformed into 
X. We know that hydrogen and oxygen mixed in 
a definite proportion always produces water. This 
water again can be resolved into the same quantity 
of hydrogen and oxygen. This follows from the 
equality of cause and effect and the principle of the 
conservation of energy. If the effect is nothing but 
the cause transformed there is no reason why 
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the cause cannot be produced the effect or in, 
other words Avhy the energj’- found in the effect 
cannot be re-transformed into the cause. But as 
we cannot fully ascertain all the conditions of an 
effect the reciprocal relation remains an ideal only. 
In most of thQ cases of causation we cannot re-tfans- 
form the effect into its cause. In physiological actions 
this ideal relation of reciprocity .cannot .be estab- 
lished, e. g., food becomes converted into blood- 
but blood cannot be re-transformed into food. But 
this is due to our ignorance. 

Carveth Read is strongly opposed to the doctrine 
of the mutuality of cause and effect. He says, “We 
should not think that the effect can also produce 
the cause or that the cause follows from its effect 
just as the effect follows from its cause for as the 
effect arises its cause disappears and is irrevocable 
by Nature and Magic.” According to Carveth Read 
the mutual relation existing between the ^separate 
conditions or their tendencies is called reciprocity 
or mutual influence. The total effect is produced by 
this reciprocal relation, i. e., the several conditions 
constituting any cause jointly determine the total 
effect b}?- aiding, or counter-acting one another’s ten- 
denc3n This reciprocity exists only between the 
factors of a cause. But we should not extend this 
relation to a cause and its effect. 

.Sometimes by mutualit}’' or reciprocity the Law 
of Reciprocity is meant. This law is just the reverse 
of the Uniformity of Nature which sa^^-s that the same 
cause produces the same effect, while the Law of 
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Reciprocity tells us that the same phenomenon is 
always ijroduced by tlie same cause. Thus we see 
that mutuality has been difterently explained by 
different logicians. This becomes invariably the 
case whenever a popular word is adopted in scienti- 
fic investigation. 

16. Agent. Patient and Inertia. Agent is 
a person or thing that exerts force or power. In 
other words that which is visibly acting is called 
agent. By patient we mean a person or thing which 
is acted upon by the agent, i. e., upon which force 
or power is exercised, e, g., when I move the table I 
act on the table and so I am the agent of the move- 
ment of the table, whereas the table is called the 
patient as it is acted upon by me. But nothing is 
absolutely an agent or absolutely a patient for we 
know that every action has its equal and opposite 
reaction. When I strike upon the table, the table 
also reacts on me and so I feel pain in 1113 ’’ fist. 
Hence it is also active like me. Hence the two 
terms are relative. Where activitj' is prominent 
we use the term agent, and where passivity is pro- 
minent we use the term patient. Hence the lno^- 
i]]g power is the agent while collocation is the 

patient. 

Inertia. By inertia we mean the inherent pro- 
pert}' of matter by which it tends to remain for ever 
at rest while still, and in motion while moving. 
Inertia does nob mean .want of vigour or activity 
but the exact contrary. It may be defined as the re- 
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solve, determination or tendency of everything to 
have its own way. 

Co-effect and Joint effect. \Vhen two or 
more separate effects are produced by one and 
the same cause then these separate effects are 
called co-effccts. These co-effects may be suc- 
ces'^ive or simultaneous, e. g., night and day are 
the successive co-effects of the rotation of the 
earth on its axis in the presence of the sun, while 
the light and heat Avhich we find in the rays of 
the sun are the .simultaneous co-effects of the 
sun. Similarly the flash of light and the report 
of the gun are the successive co-effects of the 
explosion of gun-powder in a closed chamber. 
The death of rats in a large number and the out- 
break of plague are the co-effccts of the biting 
of a kind of flea. It is a fallacy of non caihsa 
pro causa when one of the co-effects is view'ed 
as the total effect or when a co-effect is treated 
as the cause of the other. 

A 

X y Co-effects of A, 

Joint effect When two or more agents in- 
teract their separate effects are mixed together 
so as to give rise to a complex phenomenon. In this 
complex phenomenon the separate effects cannot be 
detected. Such a complex phenomenon illustrates 
oint effect. When two persons move a block of stone 
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the movement of the stone illustrates joint effect as 
in it the sei 3 arate effects of both the persons are 
blended together in such a fashion that one of 
them cannot be distinguished from the other. 
The co-effects remain distinct from xme another 
but in the joint effect the separate effects of the 
combining causes are blended f.ogether in such 
a manner that they lose their separate existence. 
The joint effect can be .symbolically reprc.sented 
in the following manner : — 

A B C 

■ -i . 

X Joint effect; 

18. Progressive effect. When an effect 
requires a considerable amount of time foi its 
happening and comprises 3Yithin it the accumu- 
lated effects of many agents and circumstances 
it is called a Progressive effect, e. g., revolution 
is due to the accumulated results of many causes. 
Similarly wealth, character, ci\dlization, war, wis- 
dom, etc., are due to the accumulated effects of 
many causes occurring at different peiiodo. In 
an effect like this we find that on account of this 
accumulation, the original effect progresses, deve- 
lops or grows more • in intensity and magnitude. 
So it is called a progressive effect. 

19. Proximate and Remote Causes. From 
the popular point of view causes are divided into 
two clases, namely proximate and remote. The 
condition which happens immediately before the 
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oiiect is called the prosimate, immediate or 
direct cause, while the condition which happens 
lonsr before the eiTect is called the remote, medi- 
ate, or predisposing cause, e. g., the cutting of 
the sti'ing and good rain are the proximate causes 
of the falling of the picture and good harvest 
respectively. Similarl}' the correct answering of 
questions is the proximate cause of the succeess 
at an examination. While gravity, cultivation, 
fertility of the soil, sowing, etc , and good prepa- 
ration ai'e the remote causes of the falling of 
the picture, good harvest and success. Again if 
A produces B, B produces C, and C produces D, 
then C will be the proximate cause of D, and A 
and B will be the remote causes of D. Cat des- 
troj'S mice, mice eat up the nests of bees 
and bees fructifv clover. There foi'e the proxi- 
mate cause of clover crop is the fructification of 
clover by the bees and the remote cause of the 
clover crop is the existence of cats. 

20, Intrinsic and Extrinsic Causes (more 
correctly conditions). If with the cessation of 
a cause the effect also ceases to exist then the 
cause will be called an Intrinsic Cause or condi- 
tion. .But if with the cessation of a condition 
the effect does not cease to exist then the condi- 
tion will be called an Extrinsic Causa or condi- 
tion. The carpenter and his in.struments and 
the purpose of the carpenter are the extrinsic 
causes of the table manufactured by him, and 
the plank and- the form or shape of the table 
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are the intrinsic conditions of the table. Thus 
the final and the efficient causes of Aristotle 
are extrinsic in nature while his formal and 
material causes are intrinsic. The potter' is the 
extrinsic cause and the clay used by him is the 
intrinsic cause of the pots made by hini with this 
clay. Similarly the thread of a piece of cloth is 
its intrinsic cause while its maker, the Aveaver, is 
its extrinsic cause. Iilodern logicians haA^e altoge- 
ther abandoned the extrinsic causes by maintain- 
ing that the effect is nothing but ' the cause trans- 
formed. The carpenter in question is not the 
real cause of the table manufactured bv him. It 
is the amount of energy lost by the carpenter in 
making the object and the energ}’' lost bjf the 
tools of the carpenter together A\’ith the planks 
used constitute the object. Tliis energ}'^ trans- 
forms the plank into a table and lives in the 
table. Therefore the cause cannot live outside of 
and apart from its effect. 

21. The Plurality of Causes, the Vicarious 
or Alternative Causes. In our experience Ave find 
that one and the same event is produced indepen- 
dentty bj- different causes, e. g„ illness is caused by 
malaria, influenza, cholera, etc. Light is caused 
by the sun, the moon, the stars, electricitAq gas, etc. 
Similarly death is caused by burning, droAvning, 
poisoning, etc. If Ave find that x can be produced 
by A in one occasion, by B in another, and by C and 
D on other occasions then Ave have a plurality of 
causes capable of producing x independent!}'. This 
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can be syrabolioally represented in the ibllov.nng 
•\vav : — 

A B C D 

! I 1 I 

V V V V 

X X X x: 

Here in difterent times and at difterent ylaci's 
X is being ])roduced by different agents. Hence 
we have a plurality of causes for x. 

Hei)ce by the doctrine of the plurality of causes 
we mean that one and the same event can be in- 
dependently and separately produced by different 
clauses or agents. This doctrine has also been des- 
cribed as the doctrine of the Vicarious or Alterna- 
tive Causes 

Eeffect of this doctrine on inference. The 

inductive problem is of two kinds, nameh* (1) a 
phenomenon may be given and we roa}' be required 
to find out its cause, or (2) some agent may be 
given and we may be required to find out its effect. 
Thus induction considers two kinds of inference, 
viz., the inference of the cause from the elTect 
and the inference of the effect from the cause. 
Now if we accept the plurality of causes the 
inference of the cause from the effect will 
become impossible because it cannot be said for 
certain which one of the plui'ality of the causes is pro- 
ducing the phenomenon in question. .If A, rv, C, 
and D be the different causes of x and if x be 
given to us we cannot say for certain whether it 
has been produced by A or B or C or D. Thus onlj' 
one kind of inference will remain open to us in in- 
duction. In other words the plurality of causes 
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allows us to proceed from the cause io the effect 
but not from the effect to the cause. 

Though the plurality of causes is a popular doctrine 
yet this limitation of inference by this doctrine is 
overlooked in practice. "When we see a particular 
light we can say. i. e,, infer, whether it is being 
])roduced by the sun or the moon. In the post 
mortem examination the doctors proceed from the 
effect to the cause. Similarly when a person falls- 
ill he infers that his illness is due to some thing, 
say exposure. 

Accuracy of this doctrine. Scientifically the 
doctrine of the plurality of causes is untenable, be- 
cause according io the scientific view of causation,, 
the cause is the invariable antecedent of its effect. 
But according to the doctrine of the plurality of 
cases the cause becomes a variable antecedent. In 
the symbolical example mentioned above x is prece • 
ded by A in some cases and by B, C and D in other 
causes. Hence A, B, C and D Avhich are treated 
as the causes of according to the doctrine of the 
plurality of causes are variable antecedents of x. 
Besides according to the quantitative view' of cau-sa- 
tion there is no difference between the cause and 
its effect with regard to matter — there is difference 
onl}^ in form. The effect is nothing but the cause 
transformed. This also tells us that one event can 
have only one and the same cruse and not a plu- 
rality of causes. Thus the doctrine of the plurality 
of causes is neither tenable nor compatible with 
the scientific view' of causation. 
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Though theoretically we reject the doctrine of 
the plurality of causes. yet in practical investigation 
in logic and science we always accept, this doctrine 
and see whether our inference is vitiated by the 
plurality of causes. If one phenomenon is capable 
•of being explained by different - causes separately 
then no one of these can be treated as the true 
cause of the phenomenon. In the inductive inves- 
tigation the conclusion which is liable to be vitiated 
by the pluralit}^ of causes remains always probable. 
So logicians try their level best in .getting rid of 
the plurality of causes. 

The Method of the elimination of the plura- 
lity of Causes. There are t vo methods by which 
the plurality of causes can be eliminated, viz., 
the generalisation of the causes and the speciali- 
sation of the effect. 

(i) The Generalisation of the Causes. This 
consists in first of all analj’-sing ■ all the different 
causes into their constituent parts and attributes and 
then comparing the constituent parts and attributes 
of- one- of- the causes with those of others with a 
view to detect the common factors of all these causes 
and lastly separating these common factors from 
the rest. These common factors should be then 
treated as the true and only cause of the pheno- 
menon in question. We know that death is caused 
by burning, drowning, cholera, small pox, etc. By 
analysing all these causes we find that ■ the failure 
of the heart - is present in all these causes. • Hence 
by generalisation we treat .the failure of the heart 
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iis the true and onlj’ cause of death. Similarly light is 
IDi’oduced b3' the sun, the moon, electricity', gas, 
etc. We find hy’^ analysis that the common factor 
is the vibration of ether. Hence this vibration 
is the true and only^ cause of light. Similarly the 
vibration of the atmosphere is the true and only 
cause of sound and not the various wavs in which 
sound may? be produced. 

(ii) The Specialisation of the effect. This 
(jonsists in taking the effect in question with all its 
individual peculiarities. If we take into considera- 
tion the special feature of the event in question 
we shall see that it can be produced by? only one 
cause. We know that light is produced by the sun, 
the moon, electricity?, gas, etc. But if we take into 
consideration the peculiarity of light -in each case 
we see that the plurality of causes disappears and 
one event can be produced by? only one cause. The 
bright light produced by? the sun cannot be produced 
by? any other agent. Similarly? the silver light of 
the -moon can be produced only? by? the moon. 

Of the two methods for the elimination of the 
plurality? of causes the second is the better. Ordina- 
rily Ave do not take the cause and its effect in 
their totality. We treat the real cause and the 
circumstances in the midst of Avhich it occurs as 
the cause of a phenomenon and overlook the 
collocation which is necessary? for the transformation 
of the energy? of the popular cause into the effect. 
We also A?iew a part of the effect as the total effect, 
e. g., Avhen a person takes opium he dies no doubt,' 
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but along ivith his death many physiological changes 
take place in his bod}*. Similarly when a person 
dies of cholera or burning many changes take place 
in his body. These plwsiological change.s are 
different in different cases of death. These phy- 
siological changes are examined by doctors at the 
posf mortem examination and so they are able 
to infer the right cause of death in each case. 
This . posi mortem examination would have been 
impossible if the doctrine of the plurality of (‘auses 
were true! Hence we conclude that it is the 
failure of analy.sis or incomplete analysis that 
gives rise to the plurality of causes. To safeguard 
against the plurality of causes we should analyse 
the event in question and treat it along with its 
special features, i. e., we should take the event in 
its totality. 

The plurality of causes is diametrically opposed 
to the Law of Keciprocicy which maintains that 
the same event can be produced by one and only 
one cause, while the plurality of causes maintains 
that an event can bo produced bj'^ different cau- 
ses. Thus this popular doctrine is opposed to the 
scientific view of causation. 

"When we cannot get rid of the plurality of 
causes in our investigation we apply the docti’ine of 
chance and probability and thereby ascertain which 
of the causes is more likely to produce the -effect in 
question, i.e., we measure the efficiency of the 
separate causes in producing the event in question. 
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22. The Diversity of Effects. This doctrine 
maintains that one and the same cause raaj' pro- 
duce different effects at different times, e.g., opium 
produces deatli in one case while in another case 
it cures a malady. Symbolically it ma}' be illus- 
trated in the following manner ; — • 

A A A A 

I i I I 

V V V V 

X y z m 

But these arc not the total effects of A. In all such 
cases the cause is quantitative I 3 ’ greater than the 
effect, i.e., there is some surplus matter and energj" 
in the so called cause. There Avill be no diversity' 
of effects if wo quantify the cause and view the 
effect in the totality. There being a necessary 
connection between the cause and its effect and 

there being the principle of the Uniformity of 
Nature the same cause is bound to produce the same 
effect alwa 3 's. Hence the diversity of effects cannot 
be accepted from the scientific standpoint. 

33. The Relation between the Law of 
Causation and the Uniformity of Nature. It 

is generall}' believed that the law of causation is 
different from the uniformity of nature and that the 
law of causation is a form -of this uniformitj’ of 
nature. The uniform it}" of natiu’e covers within it 
the uniformity of succession, the uniformity of co- 
existence, , and the uniformity of equality or in- 
equality, and the law of causation is a form of the 
‘ uniformit}'^ of succession. The logical or the scien- 
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tific vicAv of causation combines within it the law of 
causation which sa^-s tliat even- event has a cause 
and tlie uniformity of nature which holds that 
identical things happen under identical circumstan- 
ces. But Dr. B. D. Shastri maintains that tne 
fundamental law is the law of causation and the 
uniformit}* of nnture is a C(Drollary drawn from it. 
Bain and Joseph also hold this view. So according 
to this view the uniformity of nature is derived from 
the law of causation and not vice ver.sa. The \'ery 
notion of causation involves the idea of uniformity. 
To deny this is to deny causation itself. Tf x and y 
be causal!}' related then x must produce y. Had 
there been no necessary connection between them 
there would have been .no justification for us in 
using the words ‘must’ and ‘produce’. “If a cause 
did not act uniformly, that is to say, if the same 
cause under the same condition could produce a 
different effect, it would amount to saying that 
nothing possesses any determinate nature which 
would contradict the law of identity” (P. D. Shastri’s 
Logic). 

The Law of causation is also called the univer- 
sal causation and the word ‘universal’ implies 
that the cause must operate uniformly. ' It is a 
contradiction in term to speak of a cause as not 
acting • uniformly. ' Hence it is not correct to say 
that . the law of causation and the uniformity of 
nature are two different things — they are rather 
identical and the only distinction is that the uni- 
formity of nature is an .aspect of the law of causa- 
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tion. '^^rho iiltiinato presupposibion or the ground 
of iiuluction is only the law of causation. It is 
a Ibnn of our resoning and cannot be derived from 
our experience. It is presupposed in all knowledge 
and existence and without it the universe w'ould 
be unintelligible. 

But this view even is not wdiolly correct, be- 
cause wc cannot get the uniformity of co-exis- 
tence and the uniformity of equality or in-equality 
from the law of causation because this law' of cau- 
sation is concerned with the cases of .succession 
only. I1ie cause no doubt acts uniformly but it 
is wrong to say that uniformity always gives us 
causation. 

What appears to be the correct view’ on the 
subject is that the law’ of causation and the uni- 
formity of nature are the two aspects of the law* 
of identity. The statical identity gives us the 
uniformity of nature and the dynamical identity 
aives us the law of causation. As motion supposes 
position, so causation supposes uniformity. In fact 
the law of causation and the uniformity of nature 
are connected in such aw’ay that w’c cannot have 
the one apart from the other. 

24. The origin of our idea of Causation. 
There i.s a great controversy as to the origin of our 
idea of causation. There are three important views on 
the subject, viz., (i) the empirical view’ which 'says 
that the idea of causation is derived from experi- 
ence ; (ii) the rationalistic view on the other hand 
maintains that it is not derived from experience 
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because experience and knowledge presuppose it. 
The idea of causation, therefore, is an o, priori 
idea. We are born with it and do not learn it 
from nature thi'ough experience, (iii) The evolu- 
tionists on the other hand maintain that to our 
iincestors who lived long ago this idea was ajios- 
teriori, i. e., they learnt it from c.xperience, hut 
m course of time on account of evolution this 
idea has become stamped in the human constitu- 
tion in such a wav that we now inherit it alone: 
with our hod}’ and mind from our parents. Thus 
to us it is aprioT%. This view and the empirical 
view are both incorrect because experience presup- 
poses causation and does not give us any neces- 
sity while causation implies necessity. 


25. Exercises. 

1. Write a short essay on the conception of 
Causality showing carefully all its implications. 

2. State the Law of Causation, and show how 
it plays the most important part- in induction. 

3. State the Law of the Uniformity of Nature 
and the Law of Reciprocity. Do they follow from 
the Law of Causality ? 

4. - Explain and illustrate the scientific con- 
ception of causality. 

5. Show’ how the popular and practical cause 
differs from the scientific cause. 
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(}. Is the causal relation a case of iner(' succe- 
ssion (live reasons for your answer. 

7 Can t.here bv any accurate definition of 
the Cause ^ Show how Cause is defined •. in Logic. 
Is this definition accurate ' 

8. Distinguish the logical problem of causa- 
tion from the Psychological and the Metaphysical 
Problem of causation 

f). Explain the various characteristics of the 
causal relation. 

10. Distinguish between a causal and a casual 
phenomenon. How would you know that a case 
of relation is causal ( 

11. Explain the quantitative and the quali- 
tative marks of the causal relation. 

12. Can there be ant’ accurate conception of 
causality without its quantitative aspect ? Explain 
the basis of this aspect of causality. 

18, ICxplain the doctrine of the Conservation 
of Energy. Show what part it pla3’S in Induction. 
Is it proved in ant^ science ? 

14, Take a concrete case of causation from 
vour own experience and show how it possesses all 
"the marks of causality. 

15. Distinguish between the rationalistic view 
of causality and the emjarical view of causalitt'. 

16, Explain Hume’s view of causality. What 
are its defects i 

17. Explain with the help of an example the 
various causes of Aristotle. Are the^’ really causes ? 

IS Explain the Principle of Ground and Conse- 
quent. How is it connected with the Luav of Causa- 
tion ? 

19. Explain the distinction betw'een causa 
essendi and causa cognoscendi. 
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20. Explain with the hel]) of an e.xamj'lo the 
disliiK’tion between the Cause and tlic Becau&e. 

21. E.xplain what- 3’ou mean hj* tlie condition 
of a phenomenoti. What, are its various kinds ? 

22. Explain the positive and the negative con- 
ditions of a phenomenon. Is it correct to snv that 
the cause is the suintotal oi‘ the positive and the 
negative conditions ? 

23. E.xplain the composition of causes and the 
intermixture of effects What trouble is cre.ated 
by such an intermixture in our inductive investi- 
gation i 

24 -. E.xplain the popular view of causation. 

25. Explain clearly with the help of examples 
the significance and function of Moving Power 
and Collocation. Is Collocation entirely passive ? 

26. _ Explain Energy, Tendenc}", Tension, Iner- 
tia, Patient, and counteraction. Can the effect of 
a cause be destroyed ? 

27. Exaplain the Mutuality of Cause and 
Effect. Js it consistent with the logical conception 
of causalit}’ ? 

28. Explain and illustrate Co-effects and Joint 
effect, Progressive effect. Remote and Proximate 
effect, Intrinsic and Extrinsic Causes. 

29. Explain the Plurality of Causes. How does 
it affect inductive inference ? Is it tenable ? How 
do we get rid of the Plurality of Causes ? 

30. Show that imperfect analysis underlies 
the conception of the Plurality of Causes. Explain 
the Generalisation of the Causes and the Specia- 
lisation of the Effect. Which of them is better, and 

why ? 

31. What do jbu mean by the Diversity of 
Effects ? Is it tenable ? 
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32. Explain the relation l^etween the Law of 
Cansation and tlie Uniformity of Nature. Show 
their relation to the Law of Identit}'. 

33. How do we get the idea of causality ? Is 
it learnt or inherited ? 

34 What is meant by Composition of Causes ? 
By what form of reasoning is it possible to ascertain 
beibrehand the effects of Composite Causes ? In 
what sciences, and in what profession is reasoning of 
this kind most e.ssential ? 

35. Ex])lain the meaning of Energy and Con- 
servation of Energy ; and show the ' bearing of 
the theory on the nature of causalitj-, 

36. (i) If it be true that the same cause 
produces the same effect, does it follow that the 
same effect is always produced by the same cause ^ 

( Jive your reason for your answer, and suppoi’t it 
by illustrations, 

(ii) Show how the principle involved here 
gives rise to difticulty in drawing inferences, giving 
exam]jles. How may the difficulty be overcome ? 
(Jive examples. 

37. What do 3 'ou consider to be the difference 
between cause and condition ? Give examples. If 
a workman, canying a burden falls from a ladder 
and is killed, what do 31311 consider to be the cause 
and the condition of his death, and wh}- ? A dis- 
tinction ma}’’ be made between cause from the' 
scientific and cause from the merelj’ practical point 
of view ; in the above case what ma}' be 
regai’ded as cause from the merel}- practical point 
of view ^ 


38. A man is crossing the river in a small boat ; 
a sudden squal of wind comes on ; the boat foun- 
ders, and the man is drowned. What do }mu con- 
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sidcr to be tlio cause and tlio conditions of Ids 
death ! 

Distiugidsli between proximate and remote 
causes. Illustrate \*our meaning by examples. 

30. What is the Law of Causation ? How 
may the law be best expressed ? What are the 
different aspects under which C'ausation may be 
viewed ? Give a concrete example of each. 

40. ‘It is in the comprehensive Law of Causa- 
tion itself once established by induction that we 
have the instrument of eliminating cause and effect 
in detail.’ 

Explain this statement and illustrate it by 
examples. 

41. Why is it that one should not regard 
night as the cause not even as a universal condi- 
tion of daj’ ? Explain cause and condition. 

42. What do you understand by the Plurality 
of Causes and the Mutuality of Causes and Effects ? 
Illustrate your answers by examples 

43. Detei-mine the character of the ('ause 
and deduce the Experimental Methods from the 
Law of Causation. 

44. A balloonist, unable to make a successful 

parachute descent, falls headlong and dies. Deter- 
mine clearly the cause and conditions iff his death. 

45. A man goes out into the open air where 
breeze is blowing and gets cold. What is the 
cause of his getting a cold from the practical 
point of view and from the scientific point of view ? 
Fully explain the scientific conception of Causa- 
tion. 

46. Explain the conception of a cause as a 
group of antecedents necessary to and sufficient 
for the effect. What is meant bj- a negative condi- 
tion of an event ? 
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47. Ts cnuwil t^oniieclioii between A and x 
validly disproved ; — (i) If the absence of A is foll- 
owed by the presence of x, (ii) if the ab-sence of 
A is followed by the absence of x ? 

48. <'an an effect be produced by alternate 
causes ? lilxplain and illustrate the different modes 
in which two or more causes combine to produce 
a single effect. 



CHAPTER V 

The Material Grounds of Induction s 
Observation and Experiment. 


1. Material Grounds and their Function. 

We have seen that the material grounds of Induc- 
tion consist of Observation and Experiment. Their 
function is to supply us with materially true pre- 
mises so as to enable us to - establish materially 
true conclusion. We require observation at the 
beginning of our investigation in order to gather 
particular instances to be used as premises, and 
also towards the end -when the conclusion arrived at 
by induction is verified Without the help of ob- 
servation and experiment the establishment of 
material truth becomes impossible. In Induction 
we are required to handle facts and appeal to 
facts— we are required to analj-se them into their 
elementary factors and conditions, and lastly by 
synthesis we are to get at the causal basis of the 
phenomenon under investigation. With the help 
of observation and experiment we also isolate the 
phenomenon under investigation from irrelevent 
circumstances with which it remains jumbled up. 
Thus to create a fixvourable atmosphere for examin- 
ing a phenomenon we require the help of observation 
and experiment. 
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2. Observation, Experiment and Perception. 

The various facts or phenomena which occur in 
nature affect our sense organs and we take notice 
of them with the help of our sense organs. This 
mental process of taking notice of the facts and 
phenomena occurring in nature with the help of 
our sense organs is called Perception. Hence in 
Perception facts and phenomena arc presented by 
nature and we take notice of them with the help 
of the sense organs. Perception, therefore, is a 
process by which we receive information of the 
world in which we live, move, and have our being. 
Popularly Observation is identified with perception, 
but scientifically and logically methodical percep- 
tion alone is identical Avith obsei'A’^ation. Hence 
observation ma}^ be defined as methodical perception. 
Noav Perception is said to be methodical A\-ben it is 
guided b^f hypothesis, i.e., when it aims at the 
realisation of certain end. Popular observation is 
aimless and random. When avc come to the college 
Ave take notice of many things that happen b}'^ the 
road side, but in making such observation Ave haA^e 
hardly any end in vieAv, but when a doctor takes 
the blood of a person and examines it under a 
microscope in order to ascertain the number of 
red and Avhite corpu.scles in it he is said to make 
an observation. Similarly if Ave examine the food of 
a person suffering from cholera in order to ascertain 
the cause of the disease AA’^e are said to make an ob- 
servation. Thus obsei’A^ation consists in taking notice 
of the facts and phenomena occurring in nature 
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^vith the help of our sense organs in order to ascoi- 
tain a cause or to establish a law of nature. 

Experiment is a higher kind of observation 
with this difference that in observation the facts 
and phenomena examined by us are presented to us 
by nature, while in experiment the facts and pheno- 
mena examined bj- tis are brought into existence by 
our individual effort. If we produce electrioity 
in a laboratory by moving the handle of a machine 
and study the nature of this electricity then we are 
said to-make an experiment, while we are said to 
make an observation when we study the clecti’icitj' 
produced by the clouds during a thunder storm. 
Hence experiment consists in taking notice of facts 
and phenomena artificially produced by us with a 
view to ascertain some cause or to establish .some 
law of nature. Bain has described observation as 
a process of finding a fact, i.e. , discovering it, and 
experiment as a process of making one, i.e., arti- 
ficially producing it Observation and Experiment 
do not differ in kind, they differ only in degree, 
because in both of them facts happen, and we take 
notice of them with the help of our sense organs. 
But in the former they happen in the course of 
uature, while in the latter they are artificially pro- 
duced. 

It should be noticed that the use of scientific 
instruments will not transform an observation into 
experiment. If the phenomenon studied with the 
help of scientific apparatus happens in the course 
of nature then we shall be making an observation. 
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but if it is brought into existence artificially- then we 
shall be performing an experiment. In dissection 
the doctor simply opens a body to see its internal 
changes which have happened in the coursb of nature 
and so the doctor makes an observation in dissection. 
Similarly the doctor makes an observation when 
he examines the heart of a patient with a stethescope 
or examines blood under a microscope ' or analyses 
urine with a view to detect some disease But if 
he prepares a vaccine and injects it into the body' of 
a pig to see its result then he will be performing 
an experiment. For the same reason vivisection is 
a case of experiment. When a monkey gland is 
engrafted in the body of an old . man in order to 
rejuvenate him we have a case of experiment. Again 
we have experiment when the cerebellum of a fi’og 
is removed in order to see what effect it produces 
on the movement of the frog. 

3. Relative advantages of Observation over 
Experiment 

(i) The scope of observation is considerably 
greater than that of experiment. There are many 
things in this world which are beyond our control. 
There cannot be any' experiment on these objects. 
For this reason we cannot have any experiment 
on earthquake, the eclipse of the sun and the moon, 
storm, tides, v'olcanic eruption, etc. But all these 
things which are beymnd our control can be observed. 
There are also many things in this world Avhich are 
so dangerous that we cannot perform any' experiment 
upon them, e.g., suicide, epidemic, famine, legislation. 
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etc On 1}’ a few things of this world are under our 
control and can be experimented upon. Sciences 
like historj', geography, politics, astronomy depend 
mainl}’ upon observation and subsequent calculation 
because the phenomena studied in them are either 
beyond our control or are too dangerous While 
the sciences like physics, chemistry, botany are 
mainly grounded on experiment because the pheno- 
mena studied in them are under our control and 
are not too dangerous. / 

(ii) In observation we can proceed from an event 
to its cause and also from the cause to its effect, but 
in experiment we can proceed onl}" in one direction, 
namely from the cause to its effect but not from 
the effect to the cause. In the post mootevi exami- 
nation the doctors proceed from the effect to the 
, cause, whereas in weather forecast the ofdcer-iu- 
' charge proceeds from the cause to the effect. Simi- 
larly a police officer while investigating a case of 
murder or theft proceeds from the effect to the 
cause while a hunter proceeds from the cause to its 
effect at the time of shooting at a game. ' 

(iii) Observation gives us the general peculiari- 
ties of the objects studied, whereas experiment 
obscures the general features of the objects studied. 
By performing an experiment on a flower w'e can 
hardly know its general use and feature, while bj- 
observation we get the general use of flower very 
easily. A knowledge of the general feature of the 
facts and phenomena of this wmrld is of great practi- 
cal value. 
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(iv) Observation constitutes the basis of experi- 
ment and without a previous observation of • the 
facts under investigation no experiment is possible. 
The function of observation is to sugge^ a h3'^pothe- 
sis in order to prove it later on by experiment 

(v) Popular knowledge as well as knowledge 
required in our every day life is grounded on obsei'- 
vation. Ver}'^ few of us have the leisure and ability 
to acquire knowledge by means of experiment. 

(vi) Observation is easier and less exacting 
than experiment. But unfortunate!}^ on account 
of this it is less reliable than experiment. 

(vii) The knowledge of the superficial quali- 
ties of things is gathered by means of observation 
while the knowledge of the essential features is 
acquired by means of experiment. Both these 
forms of knoAvledge are equally necessary for the 
preservation and development of our life. 

4. Relative advantages of Experiment over 
Observation : In experiment the conditions deter- 
mining the phenomenon under investigation are com- 
pletely knbwn and are under bur cntrol, whereas the 
conditions of the phenomenon under stud}' in obser- 
vation are obscure or partly known, and are not 
under our control. This knowledge of the condi- 
tions determining the phenomenon under study, 
and our control over them constitute the principal 
advantage of experiment over observation. Other 
advantages follow from this fundamental condition. 

(i) On account of the fact that the conditions 
determining the phenomenon under study in 
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experiment are under our control, the pheno- 
menon can be repeated as man}’ times as we 
like, whereas in observation these conditions are 
be 3 ’ond our control, so we cannot repeat the phe- 
nomenon under investigation in observeation accoi’- 
ding to our desire. For the repitition of the phe- 
nomenon under observation w’C depend upon the 
bounty of nature. It may not be repeated in our 
life time, e.g., the great earthquake of 1934 may 
not happen again in our life time but we can 
mix hydrogen and oxygen in some definite propor- 
tion and produce water by this process as many 
times as we like. Again on account of the fact 
that the conditions determining the phenomenon 
under expi’iment are under our control it is often 
said that in experiment we are the master of nature. 
•On account of the absence of this control in obsei-- 
vation it is often said that we are the salves of 
nature in observation. In other words in observa- 
tion we accept the phenomenon presented to us 
by nature and fail to repeat it or introduce any 
■change in it or in its condition 

(ii) On account of the fact that the conditions 
■determining the phenomenon under experiment are 
under our control we can vary the circumstances 
in experiment, i. e., we can introduce new agents 
and eliminate some of the existing agents or condi- 
tions or we may increase or decrease the quantit}’- 
■of some or all the conditions determining the phe- 
nomenon. Without such a variation it is not possi- 
ble for us to ascertain and prove any causal relation. 
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]n observation, ou the other hand tlie conditions 
determining the phenomenon under study are beyond 
our control and are not snfliciently known. So it 
is not possible Cor us to vary the circumstances 
according to our ro(|uirements. For- their varia- 
tions we dejiend entirely on the sweet will of nature. 
So the conclusion arrived at by induction from 
the jiremises gathered by observation is probable, 
whereas induction establishes reliable conclusion 
when the premises from which the conclusion is 
inl'errod are derived from experiment. 

(iii) In observation we are taken b^' surprise 
and s<i the phenomenon dissa})pears before we can 
be ready for its study, e.g.. in the case of an earth 
(juake wo are taken by such a surprise that we can 
sea reel}' study its nature. But in experiment our 
attention is pre-adjusted and we definitely know 
beforehantl wlieii the phenomenon will take place ; 
so we can study it more carefully in expriment 
than ill observation But in some cases of obser- 
vation our attention is pre-adjustod, as for instance,, 
in observing I-Iig eclipse of the sun and the moon 
wo know beforehand when it will take place. It 
is definitely found out bj’- calculation when and 
where the complete eclipse of the sun will take 
place and so astronomers go to that place ■ with 
their telescopes and other astronomical instruments 
in order to study the sun at the time of the 
eclipse. But very few of the astronomers can afford 
to take the advantage of such an opportunity. Be- 
sides in experiment we arc able to study the manner 
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in which a phenomenon appears and disappears. 
But this is not possible in observation. 

(iv; In experiment the phenomenon under 
study and its conditions can be held before our eve 
as long as we disire. But the phenomenon under 
investigation in observation cannot be studied in 
that’ manner for it disappears very quickly, and its 
presence, disappearance and duration depend entirely 
on the sweet will of nature. 

(v) Experiment gives us reliable conclusion, 
whereas observation gives us only probable conclu- 
sion.. If we can perform an experiment accurately 
and successfully then that one experiment alone is 
sufficient to establish a causal relation, whereas 
we require a large number of instances gathered 
by observation in order to establish a causal rela- 
tion. By observation we can at most prove that 
an antecedent is invariable. To prove that it is 
also unconditional we require experiment. If, for 
instance, we can make the invariable antecedent 
artificially produce the supposed effect then and 
then only we can be satisfied as to its uncondition- 
alitj*. Thus true induction is always grounded 
on oxjjeriment. 

(vi) Experiment reveals the essential nature 
of the facts and phenomena under study, whereas 
observation 'gives us only theii’ superficial features. 
For this reason the experimental sciences are fast 
progressing in the world, while the sciences based 
on observation alone ai-e hardl}' making any head- 
way. 
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(vii) We shall see later on that the require- 
ments of the various experimental methods on which 
inductive reasoning is grounded cannot he full}' 
satisfied if the instances or premises be gathered 
by observation — they can be satisfied only by experi- 
ment. 

(viii) Experiment also prepares the grounds 
for observation. The circumstances in the midst of 
which a phenomenon occurs in the course of nature 
are so complex and mixed up that accurate and 
minute observation is practically impossible. In 
experiment circumstances are artificial!}' produced 
in order to enable us to observe the phenomenon 
under investigation calmly, minutely, and accurately. 
Hence li, Stephen has described experiment as 
experimental observation. It is therefore quite 
correct to say that observation makes experiment 
possible which we have seen before, and also experi- 
ment makes observation possible which we have seen 
just now. ' "'v 

5. Natural Experiment. It is a form of 
observation but in it the phenomenon under study 
is observed in the midst of various different circum- 
tances and these variations in circumstances are not . 
artificially produced by us but are presented to 
us by nature. If we study the colour of birds in 
the difterent regions of the world in order to detect ^ 
whether it resembles the colour of the neighbour- 
hood or surroundings and favours their conceal- 
ment from their enemies, then we shall be making 
natural experiment. Similarly if Ave study the 
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eclipse of the sun at different places on the sur- 
face of the earth and in different circumstances, 
in order to ascertain the nature of the sun then 
we shall be making natural experiment. Thus 
natural experiment lies between pure observation 
and experiment. It differs from experiment be- 
cause the variations in circumstances are not 
artificially produced but happen in the course of 
nature. It is really a case of observation because 
in it the phenomenon studied happens in the course- 
of nature. When we talk of experiment in connec- 
tion with Geograph)' we generally mean natural, 
experiment. 

6. The Methods of Observation pnd 
/ Experiment. Tho following methods have been 
prescribed by Fowler . for scientifically conducting^ 
Observation and Experiment. 

. { i ) Observatiov and JSxperiment must be 

precise, i.e. , in making an observation or performing 
an experiment we should notice “the exact time at 
Avhich an event occurs, the length of its duration, the 
position of an object in space, its relation to surroun- 
ding objects and the like.” In order to secure this 
end all the necessary up-to-date scientific apparatus 
must be used In 'measuring the quantity of an 
object we should follow the method of double weigh- 
ing and the method of taking the average of our 
different observations. We should try our best to 
be scrupulously accurate and precise in our measure- 
ment and calculation. For this purpose unit is neces- 
sary because without a unit no measurement is 
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possible and this uni<. shonld be capable of being 
used in innlti]»l(*s and divisions. Wo know that, in 
tin* English sysloni ponnd and ytar are nsf*d as 
units for inoasuring material bodies and time 
respectively. 

(ii) In orilp,r to avoid distraeiitm and veaste ■ 
of time wa should attend only ’to the material 
ciiranit<iant’es of thp. ease we are investigating, i. e., 
wo should stud}' only the circumstances which are 
relevant to the snbjcot matter of our investigation 
and must not confuse them with irrelevant ones. 
But at the initial state of our enquiry it is very 
(lifKcult to distinguish the relevant from the irrele- 
vant ones. In iiict the greatest difficulty in the 
inductive investigation lies in eliminating the 
irrelevant circumstances from the relevant ones. 
When the relevant circumstances are found out 
the inductive enquiry comes to an end and the 
cause is found out and established. 

(iii) The circiinutftnces in which an obsei na- 
tion or experiment is made should he varied as 
much as possible in order to show that the sup- 
posed cause and. the effect vary co^^respondin^ly . 
It should be noticed that in induction we are not 
satisfied in establishing simply a causal relation* 
between two phenomena, say A and x, we require 
also the additional information as to how much 
of the cause, A, produces how much of the effect, x.. 
It is not sufficient for us to know that a combination 
■of h3^drogcn and oxygen jiroduces water, we must 
know also the definite proportion in which the two * 
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must be mixed in order to produce it. Similarl\ 

■ it is' not sufficient to lenrn that quinine cur<’« 
malaria, but ^ve must know the dose in which it 
must be adminisfered to produce the result. 

(iv) L'he, phanoinevon ttvder ioivestigatiov 
shoidd, if pimihlc, hr isolated from all other 
'phenomena, or, at least from all those which a,re 
likely to interfere with our study of it” “A 
physician in trying t he eftei’ts ol" a new drug will 
at first at least administer it alone and not in 
combination with other drugs which might augment 
or counteract its influence, on the system." But 
this isolation is possible more in experiment that in 
observation, because the phenomenon under inves- 
tigation is under our control in experiment but not 
in observation. 

The aim of observation and ('xjieriment is the 
elimination of the non-causes and the determin.ation 
of the causes. When we fail to eliminate these non- 
causes we invariably fail to establish the causal 
basis of the phenomenon under investigation. 
Hence the real difficulty of the inductive method 
lies in accurate observation and e.xperimcnt, both 
of which involve analj^sis and elimination. 

Another great difficulty in- observation and 
experiment lies in the fact that we fiiil to distin- 
guish between what is perceived and what is infer- 
red. During the very early part of our childhood 
]Dure perception might have been possible, but in 
all other cases we invariably mix up inference 
with percejotion. But the inferential elements 
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detected hy psj’-choJogists in our perception do 
not trouble the urdinarj scientists. They treat 
these elements as perceptual because they are 
repeated so much that very easilj* at every ste[) 
we can test them bj’ making them the subject- 
matter of our perception. Besides all • the se infer- 
ences which are detected in observation and experi. 
ment take place below the level of consciousness. Sc 
they ma^i- be neglected in inductive investigation 
Yet this confusion of percei tual truth with in- 
feiential knowledge gradually gives rise to careless- 
ness and the fallacies of observation and experiment 
viz., mal-observation and non-observation. Having 
these inferential elements and the goal of observa 
tion and experiment in view Dr. P. K. Ray has 
said that “observation is the extension of immediate 
perception b}^ inference and experiment is the 
extension of observation by special arrangements 
of natural objects.” 

(v) Over and above the methods given by- 
Fowler we must add the following: — Ai the time 
of making an observation or /performing an 
experiment u'e must be free from bias and we 
must not disicit facts in order to harmonise them 
with our theories or views.” A good investigator 
must have clear notions of the result he expects 
and confidence in the truth of his theories, and yet 
he must have that candour and flexibility of mind 
which enable him to accept unfavourable results 
and abandon mistaken views (Jevons). “Observation 
and experiment must therefore be carefulty con- 
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ducteil and the results accurately recorded ibr 
confirmation and future reference. For this purjjose 
scientific apparatus as well as a complete system of 
terras are necessary — the former for producing and 
observing phenomena and the latter for accurately 
recording them in language.” 

7. Observation and Experiment as passive 
and active experience. Ic lias been remarked by 
some writers that observation is pas.sive e.vjjerience 
while experiment is active e.xperience. 'J’his very 
idea underlies the statement that in observation 
wo are the slaves of nature and in experiment we 
are the masters of nature. But nothing is wholly 
active and nothing is wolly passive in this w’orld. In 
perception we have to attend to the thing perceived 
and withdraw our attention from' all other things 
that are presented to us. This attention is an active 
process. The thing attended to must be isolated 
from all other objects along with which it occurs. 
This isolation also is an active process. Besides 
attention and isolation we require also the interpre- 
tation of the sense presentations and in order to 
make it possible we must bring out from within our 
mind the accumulated ideas and knowledge which we 
have already gathered in the course of our life. This 
interpretation is also an active process. In obser- 
vation besides these active processes we have to 
regulate our perception with the help of a hypothe- 
sis, and to exclude 'all irrelevant phenomena from 
our enquiry. Selective element is predominently 
present in observation. Hence i,t is wrong to say that 
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observation is wholly passive experience. Scientific 
observation is, like experiment, planned, disignecl, 
and deliber;ifce. 

In experiment also we are not wholly active, 
because our activities ai’C much circumscribed by the 
limitations of our control over nature and natural 
objects, and the defect of our apparatus, and our 
failure to eliminate unnecessary or irrelevant factors, 
e. g., friction, gravity-, dust, air cannot be comple::.. 
tel}’’ eliminated For the materials on which we 
perform an experiment we depend greatly on nature, 
e. g. , we require rats, rabbit.s, frogs etc, , to carry 
on our experiments. In experiment also it is nature 
which produces the phenomenon in question, we 
simply arrange the circumstances in a favourable 
way so as to induce nature to work in .such a manner 
that we may study its operation in a convenient 
manner. The various disasters that have happened 
in making experiments also show how greatly we 
depend on nature in experiment and the extent of 
our mastery over nature in experiment. Hence wc 
conclude that it is entirely wrong to say that experi- 
ment is wholly an active process. But it should be 
admitted that active elements are predominant, 
in experiment while j^f^ssive elements are predp- 
minant in observation. 

8. Fallacies of Observation and Experi- 
ment. In making an observation or performing an 
experiment our duty is to observe all the relevant 
circumstances and to record them accurately. 
Therefore we commit the fallacy of imperfect 
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observation if mo take into consideiation any inolc- 
vanf pliononicnon or omit to notice some relevant 
plienomenon or if we observe a plienomenon in a 
distorted ihshion. C)nr observation remains also 
imperi'ect if ■we fail (o keep a clear and accurate 
record of our observation for future reference and 
confirmation. Tl.us ini] erfect observation and 
experiment are of various kinds, viz.. 

(1) The Fallacy of Non-Observation. When 
pbencmenon is not ob.^eiM’c^d rve commit 
ihe fallacy of non-ob.sc]'\ation. It the phenomenon 
X bo actually produced by A BCD ami if mc ^ienv 
ABC alone as the cause of X ive shall commit the 
fallacy of non- observaticn Mith I esi.ecl to D. When 

ve cut the string of the punkah it falls to the 
.eround. Now if we \ iow the cutting of the string 
as the cause of the falling of the punkah then wc 
shall commit the fallacy of non-observation, bacanso 
gravity which is one of the conditions of the falling 
of the punkah is not observed and is not treated 
as a. part of the cause. Similarly if we purchase 
a patent medicine on the strengtli of advertisement 
and the testimonials granted Ija' a large numbei' 
of pel sons ve shall cciinmit the fallacy of non-obser- 
vation for M’e do not take into consideration those 
cases in which the medicine was a failure. All 
faith in dreams, astrology, palmistry, amulets and 
marttras involves the fallacy of non-observation 
because in such cases ive remember only those 
iirstances in which the thing in question ' happens 
to be true, and do not take into consideration those 
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vast number of cases in which it fails. We shall 
see later on that almost all the fallacies of non- 

I 

causd pro camx rest on the fallacy of non-observa- 
tion. Whenever we find that the supposed cause 
and effect are disproportionate or inadequate in 
relation to each other or when we find that the 
supposed effect is capable of producing the cnu.'^e 
there is undoubtedly the fallacy of non-observation 
in our investigation. This fallac}’ also underlies 
the doctrine of the plurality ‘of’ the causes. We shall 
see later on that all the experimental methods are 
baffled b}’’ hidden agents unnoticed by us. This 
non. observation of the hidden agents is the fallacy 
of non-observation. So the most dangerous fallacy 
of induction is the fallacy of non-observation. 

(2) The Fallacy of Mal-Observation. When 
a .relevant phenomenon is viewed in a distorted 
fashion we are said to commit the fallacy of mal- 
observation. This fallacy is also committed when 
a vast sheet of water is observed while tra 
veiling in a desert where, as a matter of fact, there 
is onl}’- an e.xpanse of sand and not a drop of water. 
Similarly we commit this fallacy if we observe 
ghost at night-time in the places where there are 
only bushes or white sheets of cloth. 

The fallacy of mal- observation is of two kinds, 
viz.. Illusion and Hallucination. When an actu- 
ally existing object is viewed in a distorted fashion' 
we have illusion. This happens when we experience 
a mirage or a ghost or see our brother’s face in a 
crowd when there is only a person resembling the 
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brother. Thus in an illusion there is an objective 
basis. In some cases -vve project our ideas and view 
the content of our idea as existing outside of us. 
Such an observation is said to be hallucination. If 
we experience a load on our head when there is no 
such load we are snid to suffer from hallucination. 
Those who are mad often see kites, thrones, snakes, 
etc., when there is nothing in their presence. 
Hence their observations are generallj- hallucina- 
tions. 

The fallac}' of nalob seiiation involves the 
fallac}’ of non-observation because when we view a 
rope to be a snake we fail to observe the rope and 
its qualities. Similar!}' when a piece of cloth hang- 
ing in moon light is viewed to be a ghost then the 
fallac}’ of non-observation is committed with respect 
to the piece of cloth. 

The fallac}' of non-observation also involves the 
Tallac}' of mal-observation. When some of the rele- 
vant factors are not observed then naturall}' the 
remaining factor's that are observed are treated as 
the entire cause of the phenomenon under investi- 
gation. In the S3’mbolical example treated above 
A B C are treated as the total cause of x though as 
a matter of fact A E C D constitute the total 
cause of x. Here a part of the cause is viewed 
as' the entire cause and so the real cause is 
viewed in a distorted fashion and mal-observation 
is committed. 

Both mal-observation and non- observation are 
equally haiir.ful for inductive investigation. Non- 
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observation ma’ces us ta’ce an. erroneous hj'pofchesis 
to be a valid one while mal-observation inahcs us 
treat an irrelevant or imaginary phenomenon as tlu* 
cause of the phenomenon under investigation. 
Hence it is not proper to minimise the importance 
of non observation as a negative error and to plac(* 
greater importance on mal-observation by describ - 
ing it as a case of positive error.. It will be more 
correct to sa}' that non-observation, as has ■ lieen 
pointed out alread}', is more harmful than mal- 
observation. 

It is very difficult to get rid of these lallacies as 
these depend on the mentality of the persons 
making the observation and performing the exjieri- . 
ment. These are also associated with the instinct 
of self-preservation and self-propagation. 'J.'o avoid 
these we should increase our amount of carefulness 
and alertness and should repeat our observation and 
experiment by varying the circumstances in all 
possible manner and by removing our prejudices 
and pre-conceived opinions. 

The fallacies of observation are also the fillacie.s 
ef experiment. There is no special fallacy of ex- 
periment These arc also the fallacies of analysis. 
Imperfect analysis of phenomena generally give 
rise to the fallacies of non-observation and mal- 
observation 
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5). Exercises. 

1. Define Observation and Experiment, giving 
examples of each ; and explain wh}'- these processes 
require treatment in Inductive Logic. What are 
the advantages of the latter over the former ? What 
sciences depend mainly on Observation, and why ? 
What sciences depend mainly on Ex])eriment, and 
wh}' ! 

2. What is Experiment ? Why is it thought 
necessar}’’ to deal with it in Logic ? 

Induction derives its premises from Obser- 
vation and E.xperiment : Describe and exemplify 
these two processes showing clearly the difiference 
between them. In what does the superiority of 
Experiment as a source of premise consist ? 

4. Distinguish between Observation and Ex- 
periment. Point out the advantages of the latter 
over the former. Has the former any advantage 
over the latter ? Full}’’ discuss this question. 

5. What are the material grounds of Induction ? 
Wh}’’ are they so called ? 

6. Distinguish between Perception and Obser- 
vation. Explain experimental observation. How 
would you distinguish between popular observation 
and scientific observation ? 

7 What is the importance of Observation and 
Experiment in inductive inquiry ? Do the}' alone 

justify an inductive generalisation ? Illustrate the 
fallacies which arise from their wrong use. 

8. Discuss the comparative advantages of Ob- 
servation and Experiment, and explain their nature. 

9. ‘I see my brother’ ; how far is this affirma- 
tion based on observation and how far on inference ? 
Show by examples how far experiments help to 
prove causation ? 

10. Observation and Experiment do not differ 
in degree. Explain this remark. 
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ll; perfect experiment establishes a law’ 
Explain it with examples. 

12. What is a fact ? In what sense are facts 
the foundations of science ? 

13. Explain wh}^ Experiment is always pre- 
ferable to Observation. 

14 What methods should we follow in getting' 
accurate results in Observation and Experiment ? 

15. What are the difficulties of Observation and 
Experiment ? 

16. What are the fallacies of Observation ? 
How should we get rid of them ? 

17. Discuss ‘Observation is passive exjjerience 
and Ex])eriment is active experience’. 

18. Explain Natural Experiment. Does the 
use of scientific apparatus convert an observation 

into experiment ? 

19. Show how experiment can be carjaed on 
in education and in geographical investigation ? 

20. Explain the various fallacies of analysis. 

21. Explain the various forms of imperfect 
observation. 



CHAPTER VI 


HYPOTHESIS. 

1. Definition of Hypothesis — its implication : 

H3^pothesis is <an.y supposition which we make in 
order to explain some fact or phenomenon or to 
estabJish a causal relation or a law of nature. As 
for instance, if on my return home from college I 
find my knife missing, and I make the supposition 
that mjf little sister has taken it away, then this 
supposition will be a hypothesis as it wants to 
explain the loss of knife. This supposition may be 
true or false, and so we are to see whether this 
supposition is supported by facts. It is accepted 
as true only when it is found to be in harmony with 
all the known facts, as for example, if I find a fresh- 
cut wound in the finger of my little sister, and if 
on the discovery of the knife I find blood marks 
on it then I accept the hypothesis and believe that 
my little sister had really removed my knife. 
Similarly if typhoid breaks out in a town, and if 
we find by observation that all the persons attacked 
by this disease are in the habit of chewing the bazar- 
pan then we may make the hypothesis that this p 
is the cause of the typhoid. But this hypothesis 
may be true or false, so in order to prove it we 
must examine the betel used by these men under 



256 


LOGIC 




a. microscojje. If we find typhoid germs in these 
beteJ leaves then we shall accept the h3>-pothesis 
as tme. 

Mill has defined hypothesis as “any supposition 
which w'e make (either without actual ^evidence or 
on evidence avowedly insufiScient) in order to en- 
deavour to deduce from it conclusions in accordance 
with facts which are known to be real ; under the 
idea that if the conclusions to which the hypothesis 
leads are known truths, the hypothesis itself either 
must be, or at least is likel}’’ to be true,” This 
definition involves the following factors : — 

(i) A hypothesis is a supposition or a ghess, 

(ii) It has some purpose or end in view, i.e., be- 
moans of this hypothesis we try to explain some fact 
or phenomenon, and to establish some causal rela- 
tion or law of natuie. But this purpose has not 
been fully expressed b}’^ Mill’s definition. 

(iii) A hj'pothesis is based either on no evidence 

or on insufficient evidence. It may also be based on 
sufficient evidence. ' 

(iv) If the conclusions drawn from the hypothe- 
sis be in harmony with the facts then it should be 
accepted as true. 

(v) When we frame a hypothesis we expect that 
it will explain all the facts and phenomena under 
investigation But whether it will actually explain 
them is a matter of future investigation, Therefore 
at the initial stage a great deal of uncertainty looms 
large over our hypothesis. 

2. Legitimate Hypothesis, Though hypo- 
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thef^is is a supposition or guess yet aii}- and every 
su[)position is not a h3’potliesis. A supposition wliicii 
is self-contradictor}’ cannot be called a lu-pothesis. 
•Similarlj* a supposition of unreal, fictitious filing 
cannot be a hypothesis, because in Induction we 
are concerned with facts and jihenoniena occurring 
in nature, and so our hj-polhosis must have, a refer- 
ence to real agents. Our intention in framing a 
lu’potbesis is to prove later on by deducing con- 
clusions from it in harmony with the facts which 
are known to bo real. So our hypothesis must not 
be ambiguous or vague, because from sucb a suppo- 
sition nothing can be inferred. Now, when a 
supposition is free from self-contradiction and ambi- 
guity and when it does not involve any fict itious or 
unreal agent then and then only the sujijiosition 
can be rightly called a hypothesis. .Such a hypothe- 
sis is also called bj’ the name Leoit’mnte Hypo- 
thesis. Thus we conclude that though ever}' hy- 
jiothesis is a supposition yet every supposition is not 
a ]i}'j)Othesis. 

.Some logicians have used the expression, legiti- 
mate hypothesis, for those h}’potheses which have 
been proved to be true. According to them, there- 
fore, a valid hypothesis is a legitimate hypothesis. 
■But it is not correct to identify a legitimate hypo- 
thesis with a valid hypothesis A h}'pothesis is said 
to be valid when it is found to be true, and is veri- 
fied to our complete satisfaction and more coi’rectly 
Avhen it is established by the Method of Difference. 
But a hypothesis is said to be legitimate when it 
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satisfies three conditions, viz,, (i) when it is free from 
self contradiction, (ii) when it is free from ambi- 
gnity. and (iii) when it is not based on double 
supposition, i. e., when it does not contain any 
fictitious element. A h3rpothcsis of such a nature 
admits of examination and verification. Therefore 
it is verifiable. But when examined we may find 
it to be incorrect later on. Thus an invalid hyi)o- 
thesis may be legitimate. We know that the 
Ptolemaic theory according to wiiich it was believed 
that the sun moves round the earth is invalid, but 
no body can question the legitimacy of this h^qro- 
thesis. We should remember that even a wrong 
hypothesis is often retained in order to describe 
the operation of a thing figuratively. Even now 
we use nerve-fluid and electric current though we 
know definitely that there is no fluid inside our 
nerves and there is no current in electricib}^. 

3. Kinds of Hypothesis. There are three 
principal kinds of lypothesis, viz. 

(i) Our h3q)0thesis may be a supposition of a 
cause or of an agent which is assumed bo explain 
a fact or phenomenon, e. g., mosquito is supposed 
to explain malaria, ether is supposed to explain 
light, and Neptune was supposed to explain the 
disturbance in the movements of the planet, Uranus. 
Such a hypothesis is verified by observation and 
sometimes by e.xperiment. 

(ii) Our hypothesis may be a collocation or com- 
bination of several agents, causes or circumstances 
which are assumed to explain a fact or phenomenon, 
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e. g., loss in business is explained by the collocation 
of the following circumstances : — (a) rise in the 
exchange, (b) the prospect of a "European war, (c) 
the Japanese rivaliy and cheap jjroduction, (d) 
absence of proper supervision, le) misappropriation 
b}' the servants, if) the strike of the ^\orking men, 
etc. Similarly the contact of a spark with gun- 
powder is supposed to explain an explosion. Simi- 
larly the collocation of the heavenly bodies is 
sujiposed to explain the movement of the earth 
round the sun. 

(iii) Our hypothesis may be a supposition about 
a law or mode of operation of an agent or cause or 
it may be a supposition of an agent together with 
its law or mode of operation, e. g., the undulation 
or the mode of ■ vibration of ether is supposed to 
• explain light. The law' of gi-avitation was supposed 
by Newton to explain the movement of the planets. 
Such a hypothesis is proved by deduction supported 
b3' obsen'ation. 

Ordinarily or popularly we separate hypothesis 
of agents, collocation and law's, but scientifically 
speaking such a hypothesis can hardlj' explain a 
fact or phenomenon, because the facts which we come 
acrcEs in our life are veiy ccmplex in nature, and 
can be explained only by supposing a number of 
agents and their collocation or co-operation together 
w'ith their laws of operation. Thus a scientific 
hp'pothesis rests on agents, collccation and laws 
simultaneously and not separalelj'. In order to 
explain a case of murder we are to.suppose not only 
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a person but also a motive for commiting the crime. 
We must also suppose the weapon with which the 
murder was committed and the circumstances which 
made the commission of the crime possible, as well as 
the way the murder was comnjitted. Thus our 
hypothesis contains within itself agents, collocation 
and laws simultaneously. Similarly the defeat of 
the Abyssinians in the last Italy- Abyssinian war 
is explained by the supposition of many agents, 
collocation of circumstances, and the mod^'^ of 
operation of the army. Again the Bihar -flood is 
explained by the heavy rainfall on this side . of the 
Himalayas resulting in the flood of the livers falling 
into the Ganges and also a heavy rainfall in the 
Vindhyas resulting in the flood of the river. Son. and 
the rush of the flood water through the Ganges which 
flows through Bihar. In this way it can be shown 
that in every case a hypothesis contains agents, 
collocation and laws. When any one ' of these is 
independently viewed as the cause of a phenomenon 
we generally identify a part of the cause as the 
total cause and thereby commit the fallacy of non 
cans X. pro causa. In such cases we also find 
that there is a disproportion between the cause and 
its effect. 

Along with these three pricipal kinds of hypo- 
thesis the following ones are also considered in 
Logic : ' 

(1) The working, provisional, and tentative 
hypothesis ; — When in explaining a phenomenon 
under investigation we fail to get at the legitimate 
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or explanatory hj^pothesis we form a rough hypothe- 
sis for the time being with a view to open out a 
line of enquiry, and to make us acquainted with the 
facts or phenomena under investigation. Such a 
hypothesis is said to be a working hypothesis when 
we carry on our investigation in its light, i.e., when 
with the help of this hypothesis we regulate our 
further enquiry. When a theft occurs in a village 
the police-officer first of all makes a hypothesis of 
this kind and conducts the enquiry on the supposi- 
tion that a certain person committed the theft. 

A lypothesis is said to be provisional Avhen we 
assume it for the time being in order to open out 
a line of investigation knowing fully well that it 
will be rejected later on when a better hypothesis 
will be available. A hypothesis is said to be tenta- 
tive. when a good hypothesis is not available, and so 
a bad one is accepted knowing fully well that it is 
not satisfactory. Thus there is hardly any differ- 
ence between a provisional and tentative hypothesis 
or between a provisional and a working hj^pothesis. 
But these are not useless though they fail to, explain 
the phenomeno.n under investigation, and though 
they are subject to drastic revision, modification 
and even rejection. These are valuable because 
they open out, a line of enquiry and help us in 
discovering the right hypothesis, Such a hypothesis 
also helps us . iu brin^g to light some hitherto 
unknown facts, Xaws, arid phenomena ' which, other, - 
\vise wquld have remained .unknown to ourselves. 
From^this point of view every, sort of hypothesis. 



162 - ' 


LOGIC 


old or new, valid or invalid lias got' its -merit. So 
it is often said that any hj-^iothesis is better than 
no h3'potbesis. A worl.ing hypothesis ‘ though 
rejected, often serves the purpose of describing 
figui-atively the matter of which it -vyas a hj-pothesis. 
Even now electricity is described as a fluid though 
no bod}’- maintains now that it is actually' a fluid. 

(2) Descriptive hypothesis. A hypothesis 
is said to be descriptive when it gives us the ways 
in which the phenomenon under investigation 
behaves. In other words the hypothesis of a law 
as to the operation of the phenomenon under in- 
vestigation is said to be a descriptive hypothesis. 
Whereas a hypothesis is said to be explanatory 
when it is a supposition of the cause of the pheno- 
menon under investigation. Such a hyjiothesis 
is also ■ called a constructive hy'pothesis. But any 
and every hypothesis of law cannot be called des- 
criptive, because this law' may be a law of the 
agents producing the phenomenon is question or it 
maj' be a law of the mode of operation of the 
phenomenon under investigation. When the hy- 
pothesis of a law' is of the first kind it should be 
called an explanatory' hypothesis. But the hypothe- 
sis of law of the second kind is said to be a descrip- 
tive hypothesis. If in explaining the deafness of 
tom-cats W’ith blue eyes we make the supposition 
that all tom-cats with blue ey'es are ' deaf then our 
hypothesis will be a descriptive hypothesis. If in 
explaining the absence- of odour in ' a scarlet flower 
we make- the supposition that -all scarlet flowers 
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are odourless then our hypothesis will be descriptive 
in nature. Thus a descriptive hypothesis gives us 
the how of a thing but does not give its why, 

(3) Representative Fiction. A hypothesis 
which contains within it fictitious elements is said 
to be a representative fiction. But we know that 
according to the conditions of a legitimate hj^pothesis 
we are not entitled to make any double supposition 
ill making a hj^pothesis. In other words a logictil 
h}'|)othesis must .contain only real agents or oera 
caum. By real agents or vev'i c.iasa we mean 
those facts and phenomena which actually occur in 
the world and also those which can be reasonably 
believed to exist in this world. If by vera cuusa 
we mean only those agents \vhich are knowm to us 
and if we are required to make hypothesis with 
these agents only then the door of all discovery 
will be for ever closed to us. Hence ■uem caus’x, 

I includes those imaginary agents w'hich can be 
reasonably believed to exist and deductions' fr.om 
which are found to be in harmony with facts. When 
a hypothesis contains vera causa of this type it is 
said to be a representative fiction. But very strict 
.strict proof is necessary in order to establish a 
hj^pothesis. of this kind. The atomic theory, the 
hypothesis that heat is a form of motion, the sup- 
position of ether,' and the undulatory theory of light 
are all representative fictions. Thus a .representa- 
tive fiction is generally necessary for describing the 
^minute .structure and operation of bodies which, can 
.. never.be observed or proved by direct mpans, i.e.. 
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by meaos of onr sense orgcans. “Their lies 

in their siiitabilitj'' to express or describe figuratively 
the phenomenon in question. By such a h3’pothesis 
we render intelligible manj’’ obscure phenomena 
which would have otherwise remained iiriinteili^ble.” 
Representative fictions are also called Illustrative 
■hypotheses. 

( 4 ) Verifiable and Verified Hypothesis. A 

h3'pothesis is said to be verifiable when we "can 
deduce conclusions from it, and can compare them 
with the facts and phenomena occuning in nature. 
Now this is possible when the In-pothesis is free 
from ambiguit3’ and self-contradiction and does not 
contain an3^ fictitious element. But on examination 
a verifiable h3pothesis ma3' be rejected or modified. 
Thus a false hypothesis may also be a verifiable 
h3pothesia. H3potheses which are ambiguous and 
W'hich involve double suppositions or fictitious ele- 
ments cannot be put to tlie test' as no deductions can 
be drawn from them. There are certain h3’-pbtheses 
which are claimed to be true even when the facts go 
against them, e.'g., it is often supposed by uncultur- 
ed people that an amuleit fails to cure a malad3' 
because some body cast his evil 63*6 on it, or because 
the person wearing it did not live a life of pufit3\ 
Such a hypothesis is not a verifiable hypothesis and 
should be rejected at the tinie of its inception, 

A h3ip6thesis is said to be verified' wh’eii it is 
established either bj” the Method of Diffe'rehce or by 
the joint Method, arid the conclusion's deduced from 
it are found 't6‘ be in' perfect 'a^eemeht 'with 'the 
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facts and plienoniena occurring in nature. Sucli a 
hypothesis also ^tisiies all the conditions of a good 
hj-pothesis. vSo a verified hypothesis is a true 
hj'-pothesis aljout which we cannot entertain any 
reasonable doubt. In other words it is identical 
with induction proper. 

4. Conditions of a Hypothesis. We have 
seen that the hypothesis is a guess or supposition, 
but anj'- and every supposition is not a h 3 '^pochesis 
A supposition in order to be a hypothesis must 
.satisfy at least three conditions, viz., (1) it must 
be 'definite, i.e., it must not be ambiguous because 
auibiguous things cannot be verified 

(2) A hypothesis must be free from self-contra- 
diction because self-contradictory things cannot be 
either formally or materially true. 

(3) A hj'pothesis must have reference to real 
agents or vera causa because unreal or 'fictitious 

' things cannot be verified. 

Over and above' these bare necessary' requi- 
r ements a hypothesis in order to be good must 
satisfy the following conditions 

(1) it must be adequate, i. e., it must explain 
all the fact's and phenomena under investigation so 
far as they are hhdwh to us. If a hypothesis explains 
some of the 'known facts blit fails to explain some 
other relevant facts then it will he treated as inade- 
quate. inadequate hypotheses should either be 
modified or rejected. 

(2) Our hypothesis in order to be good 'must 
not contain anj' unnecessary element in it. In 



166 


LOGIC 


other words it must not violate the law of parsimony 
or economy. If we can explain a phenomenon by 
supposing only one agent then we should not suppose 
more than that agent. If the creation- and main- 
tenance of this -vorld can be explained by the 
supposition of a single God then we should violate 
the law of parsimony if in explaining this problem 
we suppose a plurality of gods or a god and a satan. 
>Similarly if we can explain all the items of-know- 
ledge by experience then we shall violate the law 
of parsimony if over and above experience we suppose 
intuition and testimony. Again if a case of theft 
can be adeqnatelj^ explained by the supposition 
of a single person then we shall violate the law of 
pai'simony if we soppose a plurality of persons for 
explaining that case of theft. The hypothesis 
which contains unnecessary elements is called 
Gratuitous hypothesis. Fowler says that “by 
this is meant the assumption of an unknown' cause, 
when the phenomenon is capable of being explained 
by the operation of known causes or the introduction 
of an extraneous (though it may be known) cause, 
when the phenomenon is capable of being accounted 
for by the causes already known to be in operation.” 

(3) Our hypothesis must not contradict any 
la-w of nature, i.e., it must fit in or be in harmony 
with the system of knowledge which we have within 
our mind. This rule follo-\vs from the law of non- 
contradiction which tells us that two contradictory 
things cannot be simultaneously true. But in some 
cases contradictory hypotheses were formed and 
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later on established, aV.d the JaA\s of nature which 
were believed to be' true were rejected. Originallj'- 
it was believed that the sun moves round the earth, 
but Galelio formed the contradictory hypothesis 
that it is the earth which moves round the sun. 
The theory of evolution was also a hypothesis of this 
hind as it contradicts the established notion of crea- 
tion. But such hypotheses are exceptional in nature 
and require \ery strict pi oof. Ordinarily we are 
not entitled to contradict any established law of 
nature or our experience. 

A hypothesis which satishes all these conditions 
are sometimes treated as legitimate. 

5. Verification of Hypothesis. Verification 
is an essential part of a hypothesis, as well as of 
induction for without it no hypothesis can attain 
any amount of certainty. In every inductive gene- 
ralisation we require a hypothesis which again must 
be verified or jrroved, otherwise there would remain 
a ^eat deal of doubt as to its truth. Now verifica- 
tion can be effected in three principal ways, viz., 
(1) by direct observation, (2) by experiment, (3) 
by deduction., (4) by the consilience of inductions, 

(5) by a crucial instance or experiTrieoiiuon CTucis 

(6) by the accumulation of facts and uncontra, 
dieted experience, (7) by the application of the 
Experimental Methods, and lastly (8) hy showing 
that we can mate predictions with the help of our 
hypothesis. Let us consider these pne by one. 

(1) Verification by Observation. When a 
hypothesis supposes an agent we generally verify 
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it by obserniig this agent in question, e.g., the 
supposition that the deviation of the planet Uranus 
from its calculated orbit ^yas due to the influence 
of some unkno'.yn planet was verified by actually 
discovering the planet with the help of a powerful 
telescope and thereby the hypothesis was verified. 
This ne\yly discovei;ed planet became later on known 
as Neptune. Similarly if we suppose that the sto- 
len watch is in the pocket of a particular^ man 
then we can verify it by actully examining his 
pocket and finding the watch in it. Again if we 
suppose that a particular water is t^e cause of cho- 
lera then it will be verified by observation if we 
can detect comma shaped germs in that water 
with the help of a microscope, 

(2) Verification by means of Experiment. 
A hypothesis is sometimes verified by means of 
experiment. This, is undoubtedly the surest method 
of verifying our hypothesis. If in explaining a 
phenomenon we suppose a cause then in order to 
establish this supposition by experinient we should 
artificially make the agent produce the phenomenon 
in question. If we suppose that the comma shaped 
germs produce cholera then we can prove this 
hypothesis by injecting these germs in the body 
of an animal and seeing whether this introduction 
of germs is followed by cholera , Here we are 
performing an. experiment with the germs and if 
the animal actually gets cholera then the; hjpo- 
thesis is true and is verified. If we suppose that 
A and B together produce p then we can verify 
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this sujDposition by actually combining A and ts 
and thereby showing that out of this combination 
p is brought into existence. It is supposed that 
milled rice is the cause of beriberi. We can verify 
this h3^pothisis by keeping rats only on milled rice 
and observing whether these rats contract this 
•disease or not. But when the phenomenon is be- 
3'ond our control, e. g., sun spots, or too dengerous 
e. g , a new legislation, experiment is not possible. 
In such cases verification by deduction should be 
resorted too. 

{3) Verification by deduction. Hjqiothesis 
is general^ proved b}’’ deduction. This deduction 
can be carried on in two ways, viz., (a) we can 
deduce the hj^othesis in question srom fome al- 
ready established law, or (b) W’’e can verify this 
hypothesis by deducing conclusions fi-om it, and 
showing by means of observation that these con- 
clusions are in harmony with the facts and phenomena 
occurring in nature. This second kind of verifica- 
tion combines within it both deduction and obser- 
vation. The supposition that the rusting of iron 
is due to its exposure to moisture is proved bj* de- 
ducing it from the higher law of oxidation. Empi- 
rical laws which are all hypothesis at the beginning 
are generally proved by deduction. Verification by 
deduction is sometimes called indirect verifica- 
tion. The supposition that the eastern wind is 
harmful to our health is proved by deducing 'it fi’om 
the higher law that poisonous gases are injurious to 
our health. 
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Some logicians identify the veiification of 
hypothesis wich the proof of h3"pofchesis. There is 
hardh' any reason for drawing a distinction between 
proof and verification. Ordinarily these three 
methods of verification are recognised. But we ina}' 
add to these the following additional methods which 
arc included within the proof of hypothesis. As a 
matter of fact we should alwa^'s trj* our best to 
verif}' or prove our hjqjothesis b}* all these methods. 

(4) Verification by the Consilience of 
Inductions. We can verify our In'pothesis by 
showing that it is supported b}^ other inductions, i.e., 
bv showing that there is confoimitj' or agreement 
between our hypothosis and the already- established 
inductions we can come to the conclusion that our 
hypothesis is true. This form of verification involves 
deduction as in it we indirectlv deduce our hy- 
pothesis from the already established inductions. 
AWiewell regards consilience of inductions as the 
most outstanding mark of the truth of hvpothesis. 
If by our h^-pothesis wo can explain the facts and 
phenomena occurring in a department of nature 
other than that for which the hypothesis was 
originally formed then it is likel}- to be true. 
Such cases are treated by him as the consilience of 
Inductions. The law of gravitation was originall}' 
supposed to explain the falling bodies on earth. 
There was consilience of inductions when bj'- it, the 
orbits ‘of the planets and the moon, and the tides 
were explained. 

But even when a hypothesis is found to be in 
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harmony with other induetions, we cannot bo sure 
of the validity of our hypotbesis. An agreement of 
this nature simply shows that there is a possibilit}* 
of our hypothesis being true. Hence the consilience 
of inductions creates favourable circumstances for 
the adoptation of a hyjjothesis but it cannot be trea- 
ted as the proof of a ly^giothesis Such a consilience 
simply shows that the hyphothesis is grounded on 
uncontradicted evidence. 

(5) Verification with the help of the crucia] 
instance and the experimentum crucis. This 
is the best and the most effective way of proving 
most of our hypothesis. But this involves both 
observation and experiment. Generally for explain- 
ing a phenomenon a number of hypotheses is pos- 
sible. Now in order to decide between these hypo- 
theses we are rerpiired to find out some relevant 
phenomenon or some instance of the phenomenon 
under investigation which can be explained b}* onl}' 
one h3'pothesis and not by any other. Now the 
h3’pothesis which explains it is accepted to be true 
while those h3'potheses which fail to explain it are 
rejected as false. Such an instance is called a 
crucial instance when it is found out 1)3' observa- 
tion. and it is said to be experimentum crucis 
when it is found out b3’ experiment. It is absolu- 
teh' necessary to take the help of either a crucial 
instance or an experimentum crucis in order to 
decide between the claims of rival lypotheses. If 
we find cases of malaria in a ver3' dr3' climate then 
these cases exclude the h3'pothesis that moist 
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climate is the cause of malaria and supports the 
hypothesis that a kind of mosquifco is the cause 
of malaria provided such mosquitos are found in 
that dry place and in the neighbourhood of these 
cases. Similarly the aberration of light causing 
the displacement of the fixed stars cannot be ex- 
plained b}* the Ptolemaic theory but it can be ex- 
plained by the Copefnican theoiy. Therefore this 
crucial instance decided between the two rival 
hypotheses. 

(6j Verification by the accumulation of 
facts and by uncontradicted experience. If 

we can show that a large number of facts have 
been explained by our hypothesis and that we 
have not come across anj- phenomenon which con- 
tradicts our h3'pothesis then it should be accepted 
as true. This is the case with the atomic theorj'- 
b}’- which a large number of facts have been ex- 
plained and as yet no inconsistent chemical or 
other phenomena have been discovered. So it has 
been accepted as true. But to prove a hj’pothesis 
by this method requires much time, and even Avhen 
the hj'pothesis explains a large -number of cases it 
is liable to rejection. The suppositions that all 
croAvs are black and all sAvans are AA'hite have been 
rejected though the}- explained a large number 
of instances in the past and eA^en noAv they are 
supported by a large number of cases. It should 
be remembered that the validity of a hypothesis 
cannot rest on the number of cases explained by 
it. The 'absence of the cases explained by the 
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hypothesis or the paucity of these cases is really 
suspicious, but the number of cases explained b}* 
a hypothesis creates simply a favourable impression 
about the hypothesis but this number alone can- 
not prove it. This method of proving a hypothesis 
by the number of cases explained by it may be 
described as the method of illustration. 

(7) Verification by the application of the 
Experimental Methods The logical and the 
scientific or the ideal method of proving or verify- 
ing a h3'p)othesis consists in justifying our hypothe- 
sis b}' applying the Experimental methods. In 
order to prove our h3’^pothesis logicall3' we should 
appfy the experimental methods. ' If possible we 
should try our best to establish our h3'pothesis b3* 
means of the most reliable method namely the 
Method of DiffeTence. If this be not possible we 
must appfy' the Joint Method. In no case we should 
refy' simply on the application of the Method of 
Agreement for this method establishes onfy’ pro- 
bable truth. We should also appfy’- the Method 
of Concomitant Variations in order to make the 
supposed cause or law quantitatively precise, and 
to show the transference of energ3' from the sup- 
posed cause to the phenomenon under investigation. 

(8) Verification by means of prediction. 
We are said to verify or prove a h3*pothesis when 
we are able to make prediction with the help of 
our hypothesis. But this method of proof is veiy 
shaky in nature. With the the help of the Ptole- 
maic theory the solar and the lunar eclipses can 
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be predicted accurately, yet this theory has been 
rejected in favour of the Copernican theor}'. Simi- 
larly the tides can be predicted Avith the help of 
the Ptolemaic theory. Hence this method of pro- 
ving a hypothesis is popular and .spectacular but 
not logical. ^ 

Thus verification, of hypotheses rests oh 
observation expteriment. and deduction Avbich 
underlie all the methods of proof and veri- 
fication mentioned above. The proof of a hypothe- 
sis really consists in showing that it is grounded 
on the laAv of causation, and this can be done only 
by applying the Experimental I\Iethods. But in 
many cases these methods cannot be applied and 
a causal relation cannot be established. In such 
cases the other menhods are relied on. But these 
methods only increase the probability of the hypo- 
the.sis in question but do not logically proAm it. 
It should be remembered that the logical proof is 
an ideal proof Avhich can hardly be realised in our 
practical investigation. Hence there is more scope for 
the application of the popular methods aa'IiIcIi are 
included Avithin the methods of proving a hjqAOthesis. 

CarAmth Bead has giA'en the folIoAviug canons for 
proving or disproving a hypothesis : — 

(1) “If a neAv agent be proposed, it is desir- 
able that Ave should be able to observe it, or at least 
to obtain some eAudence of its existence of a diffid- 
ent kind from the very fac.ts it has been invented 
to explain.” 

(2) “Whether the hypothetical agent be per- 
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ceptible or not, it cannot be extablished as a cause 
nor can a supposed law of such an agent be accep- 
ted as sufficient to the given enquiiy, unless it is 
adequate to account for the effects which it is 
called upon to explain, at least so far as il. pre- 
tends to explain them.” 

(3j “Granting that the hypothetical cause is 
real and adequate, the investigation, is not com- 
plete, Agreement with the facts is a very persuasive 
circumstance, the more so the more extensive the 
agreement, especially if no exceptions are known. 
Still, if this is all that can be said in favour of an 
hj'^pothesis, it amounts to proof by the method of 
Agreement onlj!- ; it does not exclude the possiblity 
of vicarious causes ; and if the hypothesis proposes 
a new agent that cannot be directly observed, an 
equally plausible hypothesis about another imagined 
' agent may perhaps be invented.” 

(4) “An hypothesis must agree with the rest 
of the law of Nature; and, if not itself of the highest 
generality, must be derivable from primary laws.” 

Carveth Eead has summarised his view b}'' 
saying : “An hypothesis must, to deserve the 
name in science, be verifiable and therefore defi- 
nite ; and to establish itself as a true theory, it 
must present some symptom of reality, and be 
adequate and unconditional and in harmony with 
the system of experience.” All these are contained 
in the different forms of verification we have con- 
sidered already. 

6. 'The Stages of Hypothesis. A hypothesis 
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passes throngli various degree of certainty or pro- 
babilit}’ from its inception up to the time of its 
acceptance as a scientific truth. At the time of its 
formation it can hardlj' claim ari}' probability. It 
is then called simply a provisional hypothesis. 
Its main business then is to introduce us to the 
subject matter of our inquir\'. But when we appl}' 
this hypothesis to the j^ractical work of investiga- 
tion and try to solve some problem, fact or law 
with it then it is called a working hypothesis. 
The function of a working hypothesis is to open 
out a lino of enquiry and to make observation in 
the light of this hypothesis. If it attains a .still 
higher degree of probabilitj' and if we find that 
bv it we can explain a number of facts and we 
are satisfied that it fulfils the necessary conditions 
of hypothesis then it becomes a legitimate hypo- 
thesis. At tliis stage the test of the scientific 
canons or Methods is applied to it. “If it is esta 
blished by the method of Agreement it still remains 
only probable. If it is further confirmed by the Joint 
Method it becomes more probable. The Method 
of Concomitant Variations may further increase its 
probability but until it is proved by the Method of 
Difference it does not attain certainty and does 
^ not become an inductive truth. When thus proved 
an hypothesis may be called valid or true. It 
then becomes equivalent to Induction (Dr. P.K. Bay’s 
Induction), 

But when there is any intermixture of pheno- 
mena the methods can hardly be applied to, test 
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the hypothesis which tries to explain such an inter- 
mixture, for it is only when an analysis of the phe- 
nomenon under investigation is possible the methods 
are applicable. Therefore it is not possible for 
us to prove a hypothesis by the methods always. 
Besides we should notice that a hypothesis can be 
proved by deducing from some already established 
inductions. When so proved it becomes a derivative 
or secondary law of nature. Thus we see that 
from an insignificant amount of probability a hypo- 
thesis may rise up to the certainty of a derivative 
law of nature. 

7. Theory, Law and Fact. These are also 
the stages of hypothesis. We know that at the 
time when a hypothesis is formed its probability 
is very insignificant. It has at this moment a 
vast amount of expectation. But with the pro- 
I gress of investigation, and with the increase of 
the number of particular instances explained 

by the hypothesis its probability goes on increasing. 
Thus when we are able to explain a good many cases 
by our hypothesis our doubt as to its validity 
vanishes to a considerable extent, and we 
believe that its truth is almost well ' established. 
At this stage our hypothesis is called a theory. 
Thus we see that a theory is a hypothesis having 
its certainty established to our satisfaction to a 
great extent. The word theorj- is often used in 
a different sense. In this sense it means a system 
of laws, truths or suppositions, i.e., hypotheses, gover- 
ning a particular department of enquiry, e.g., the 
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theory of light and heat, the atomic theory, etc. 
Thus we find that in this sense it combines within 
it more than one law, truth or hypothesis. 

If we proceed further in our investigation our 
doubt as to the validity of the theory becomes 
totally removed, i. e., when we are able to prove 
it by the Method of Difference or by ihe Joint 
Method or by deducing it fi.'om some abeady esta- 
blished law, then it is itself called a law. Thus 
law is after all a hypothesis which has been esta- 
blished in such a faslrion that no one can reasonably 
cherish any doubt as to its valhiity. The law of 
gravitation, the law of definite proportion, the law of 
relativity', etc., are all examples of laws which were 
once hypotheses, while the theory of evolution is 
regarded as theory because it cannot be satisfactorily 
proved, and therefore people can reasonably doubt 
it. In the American monkey case a teacher was 
convicted for teaching the theory of evolution. 
This shows that it has not yet been universally 
acknowledged as true. 

When a theory becomes universally accepted and 
proved beyond doubt, and when even the ordinary’' 
man accepts it is true then it as sometimes regarded 
as a fact. e. g,. the fact of gravity. Thus a hypo- 
thesis is sometimes called a fact when it acquires 
the certainty and clearness of a fact. 

The word Tact’ is not generally used in this 
sense. Ordinarily an event or phenomenon per- 
ceived byf means of our sense organs is called a 
fact. But we know that by means of our sense 
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Organs "we can perceive onlj’- particular objects pre- 
sent before us, and can never perceive any general 
truth or law. All facts are cei’tain and undispu- 
table in character. In this sense a fact is widely 
different from a theoiy and a h}’]')othesis for the}' are 
always arrived at by means of inference or suppo- 
sition, while a fact is a matter of particular, definite, 
immediate knowledge. But sometimes when a the- 
ory acquires the indisputable cei’tainty of a fact 
it is called a fact. 

The word ‘fact’ is also used in the sense of 
datum or premise of our inference. We know 
that a theory is always based on some jiremises. i 
In relation to the theory the premises are called facts. \ 
In this sense the terms ‘theory’ and ‘fact’ are rela- 
tive, We know that the higher theories or laws 
are derived from lower laws or theories. Thus in 
; relation to the higher theories the lower ones may 
be called facts. Thus the same theoi’y may be 
regai'ded as a fact in relation to higher laws, and 
may be regarded as theory in relation to lower 
laws or facts. 

8. The Uses of Hypothesis. Why do we ] 
make hypothesis? The hypothetical method is i 
employed by all in explaining the common events ^ 
of our daily life. We lose a watch and suppose 
that it has been stolen. We look at the sky and 
suppose that there will be a storm. We start a 
business and suppose that it will be profitable, and 

we marry with the supposition that we shall be 
happy. 
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Human mind is so constituted that it cannot 
rest a little without explaining the facts and pheno- 
mena that we come across in our life and without 
supposing what the future will be. But all these 
require the help of hypothesis. In fact hypothe.sis 
tells us what to look for in a particular case of 
enquiry. 

We cannot live without thinking about the 
world and its events and explaining them in a waj* 
.so that we may adjust ourselves to the present and 
the future without which life cannot continue. All 
these require the help of hjqwthesis. vSo life and 
thought become impossible if there be no hj-pothesis. 

Similarly in scientific enquiry h3pathcsis plavs 
a very important part. The facts and phenomena 
of science are of so heteropathic complc.xity that we 
can hardh’ apply the experimental metliods to them. 
In nil such cases our reasoning is hypothetical in 
nature. In fact without hypothesis science cannot 
proceed a single step. In scientific enquiry our aim 
is explanation and discovery* which become impossi- 
ble or imperfect, random or fruitless if not guided 
bv appropriate hypotheses. 

In i\Ietaph3'sic.s and Theology our reasoning is 
mainl}' hj'pothetical because the two other kinds of 
reasoninsf namely deduction and induction can 
hardl}' help us there in an^- way. There cannot be 
^ an}' law from which God, soul, reality, etc., can be 
deduced, and by induction we can pass from pheno- 
mena to phenomena but not to realit}-, soul or God. 
Hence our aim in these sciences is to find out that 
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hypothesis -which -will best explain the working of 
the universe as a whole, and the relation between 
the different factors of this universe, and which will 
satisfy the religious and moral necessity of huinan 
beings. 

The law of gravitation, the undulatory theory 
of light, the discovery of the planet Xeptune, the 
discovery of America, and the scientific inventions 
of the modern age all prove the importance of hypo- 
thesis. Even in observation and experiment which 
constitute the backbone of science we take the help 
of provisional and working hypothesis. It has been 
jDointed out already that observation is methodical 
perception, and in order to be methodical it must be 
guided by hypothesis. E.xperiment is designed 
observation in artificially created circumstances and 
as such it becomes impossible without hypothesis. 

' It has been already pointed out that hypothesis gives 
us causes, laws of nature and collocation by which 
we systematise the diverse facts of our experience 
and establish some mastery over the forces of 
nature. Thus hypothesis lies at the root of our 
existence, science, and e.xplanation. By systema- 
tising the diverse facts of our experience liypothesis 
enables us to remember them easily, and utilise 
them in our future investigation. 

Even in Deduction hj^othesis plays an important 
part for deductive arguments are all hj^othetical in 
nature. We know that in deduction the premises 
are supposed or are presented in the form of 113^10- 
thesis and our business is to show whether any other 
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proposition is consistent with these suppositions. 

It should be noted also that hypotheses have 
often been found to be extremely valuable even 
when thej’ have been found to be erroneous. Wrong 
h^rpo theses are retained in order to make us un- 
derstand difficult complex phenomena, e.g , electric 
fluid, nerve current, etc. Besides, it is with the help 
of a hj-pothesis, valid or invalid, we open out k line 
of enquiiy and a bad hj’pothesis ultimatel}’^ helps us 
in detecting the correct h5q)Othesis. Therefore it 
maj>- be said that any hj^pothesis is better than no 
hj-pothesis. 

Now if these are the uses of hypothesis, why 
did Newton say Hypothesis non Jingo (i.e., I do 
not make any hypothesis) ? Newton did not mean 
that any' and every* hypothesis is worthless for we 
find that he himself (Bacon also) made many* hypo- 
theses. Newton protested against hypotheses which 
are not based on facts or which are the children of 
imagination only. The suppositions or guesses of 
spider-like philosophers who try to explain the 
universe and its events by imagination pure and 
simple were utterly^ rejected by Newton and Bacon. 
“It was against the assumption of hy'pothesis on 
little or no evidence and obstinate adherence to 
them, and the attempt to explain the world apriori 
without much reference to the world that Newton 
protested when he said hypothesis non jingo. The 
truly scientific or logical thinker has none of the 
spirit which says : If the facts do not agree with the 
theory' so much the worse for the facts.” 
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There is some justification for saying that all 
knowledge is hypothetical. In perceptual knowledge 
we suppose that our sense-organs give us correct 
informations of the facts and phenomena occurring 
in nature. Hence perceptual knowledge is hj^j'o- 
thetical. In all generalisations we assume that 
nature is uniform. Hence they are all h 3 ’pothe- 
tical, and consequently deductive reasoning which 
extends these genei'aiisations to fresh cases becomes 
h)'potheticaI Mathematical reasoning starts with 
assumption and deduces conclusions from these 
assumptions. Hence such a resoning is hypothe- 
tical. For these reasons Jevons remarks ; “All 
inference proceeds upon the assumption that new 
instances will exactly resemble old ones in all mate- 
rial circumstances ; but in natural phenomenon this 
is purel}’ hjqiothetical, and ive may constantly find 
ourselves in error”. We have shown already that 
this is not the real significance of the Uniformity 
of Nature, and it does not preclude the total des- 
truction of the world. Carveth Read has rightly 
pointed out that “it is incongruous to use the term 
(viz., hypothesis) for our tentative conjectures, and 
for our most indispensable beliefs. The Universal 
Postulate is a better term for the principle which, 
in some form or other, everj'^ generalisation takes 
for granted” (Logic-pp264-65). 

9. The Sources of Hypothesis. How do we 
make a hypothesis ? Any and every person cannot 
frame a good hypothesis. It requires the intelli- 
gence and insight of a genius to be attracted by 
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a phenomenon, and to form a hypothesis bj- rofiec- 
I'ing on the peculiarity of the iihenomenon. It 
required the genius of Ne'wton to form the hjqjo- 
thesis of gravitation ^vhen he observed an apple 
fall to the ground. It required the genius of Edison 
to form the hypothesis that sound can be recorded 
and rejiroduced vhon his hand was pricked by a 
pin while he has engaged in a conversation with 
his assistant. Sometimes chance also favours the 
formation of hjqiothesis. But ordinaril}^ we gather 
our h 3 'potheses from the following sources : — 

(1) The greatest and the most pojiular source 
of hypothssis is Analogy. The gold mines and the 
petroleum mines all over the world were supposed 
at first by analogy, and were subsequenth' discove- 
red by actual boring in the light of this supposition 
or h^'pothesis. 

(2) Concomitant variations also constitute 
one of the fruitful sources of lyvpotliesis. The 
corresponding variations between brain substance 
and intelligence have led people to suppose that the 
latter is determined bj’ the former. Extreme cases 
of variations are more effective in suggesting a 
hypothesis. The injurious effect of a particular 
thing is veiy easily suggested when it is taken in 
excess, e.g,, tobacco. (3) Scieutificall 3 ’’ we Have 
to form a hypothesis by observing a large number 
of the instances of a phenomenon and detecting 
therein the points of similarity, e.g., the examina- 
tion of the crows of India leads us to the hypothe- 
sis that all crows are black, (4) A careful observation . 
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of a small number of cases followed by accu- 
rate analysis helps us in forming a good hypothesis. 
A police officer, for example, studies a pariticular 
circumstance carefully and by analysing it makes 
the hypothesis that a certain person is responsible 
for the crime. This is pre-eminently the scientific 
method of forming a hypothesis. (5) The excess 
or deviation from the expected result in an exjie- 
riment invariably suggests a good hypothesis. 
( 0 ) Erroneous simple conversion of A propositions 
often suggests a good hypothesis, e.g., it was found 
that diamond is transformed into carbon when 
heat is applied to it, and so it was supposed that 
carbon also can be transformed into diamond, 
hallacious syllogistic reasoning often suggests a 
hypothesis. The Method of Agx'eement even when 
wrongly applied is one of the greatest sources of 
I hypothesis. All these sources inevitably point out 
the fact that similarity of the phenomena studied 
and reflection about the circumstances in the 
midst of which they occur constitute the ground 
of the formation of hypothesis, 

10. Hypothesis and Abstraction. Hypothesis 
is sometimes used for abstraction. Here by abstraction 
we mean a process of reasoning by which we draw in- 
ferences from some definitions which • are ideal in 
character and devoid of any correspondence with real 
objects in nature, and maintain that our inference 
based on these definitions will holdgood with regard 
to the concrete objects of nature. As for example, we 
-start with the definitions of lines, planes, triangles, 
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etc , and then deduce conclusions from them, 
and believe that these conclusions are all true with 
regard to the concrete surfaces and lines that we 
Hi id in experience. Here we may notice that in 
glutting at the ideal definitions of points, lines, 
triiuigles, etc , we first of all observe a good many 
in-stances of real objects and phenomena, and then 
alDer analysing them Ave exclude a great deal of 
their properties and abstract or separate those 
that seem to he essential, and ground our defini- 
tion on tliem. Hence these definitions are supjx)- 
sitions like hypothesis. Thus in both abstraction 
and hypothesis the actual is explained by the ideal 
or supjjosed things or phenomena. In both of 
them Ave expect that the supposed thing represents 
a truth .actually existing in the Avorld, But in 
I ypothesis there is a guess as to the unknoAvn 
and the future Avhereas there is no such guess and 
corresponding risk in abstraction. Deduction from 
hypothesis must perfectly correspond with reality 
Avhile there is imperfect correspondence, between 
the deductions frem abstiaction and actual pheno- 
mena. Besides hypothesis A'ieAvs nature in its 
dynamic asjrect while abstraction vicAvs nature in 
its statical aspect. In tl e hypothesis Ave are concer- 
ned with cases of succession Avhile in abstraction 
we are more concerned AAith the relations of co- 
existence. Hence it is not proper to identify hypo- 
thesis Avith abstraction. About this Carveth Bead 
remarks : “This seems, hoAvever, a needless and 
confusing extension of the term ; for an hypothesis 
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proposes au agent, collocation or law hitherto 
unknown ; whereas abstract reasoning proposes to 
exclude from consideration a good deal that is well 
known. There seems no reason why the latter 
device should not be plainly called an abstrac- 
tion.” 

11- The Method of Limit. This method is 
similar to the method of abstraction. The princi- 
ple on which t' is method is based may be defined 
thus : IV hat is true up to the limit is true at the limit. 
Now by limit we mean the extreme case to which all 
the actual cases approach without ever being identi- 
cal witli it Now by extending this idea to abstrac- 
tion we may hold that the abstract represents the 
extreme cases of individual objects, agents, laws, 
and phenomena. But the process of reasoning is 
reversed and it is believed that what will hold 
good with regard to the abstract will also hold 
good with regard to the concrete cases. 

12 Baconion Method of Varying the Cir- 
cumstances. This has been considered already 
along with the history of the inductive form of 
reasoning. This method, as we have seen, consists 
of the following processes: — 

(1) We must talce the positive instances of 
the phenomenon under investigation. 

(2) We must take the negative instances of 
the phenomenon under investigation. 

(3) We must take the instances in various 
degrees and quantities. 

(4) We must consider also the’ instances of 
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the cross, i.e., the crucial instances in onler (o cli 
niinate the rival hypotheses and the non-causes. 

From these methods Mill later on dcvelojKjd 
the E.xperimental j\lethods. 


13. Exercises. 

1. Define and illustrate Hypothesis and explain 
thefimplications of your definition, 

2. State Mill’s definition of Hypothesis and 
explain its implications. 

3. I.S any and every supposition a Hypothesis ? 
If not, what conditions must a supposition fulfil in 
order to be a hypothesis ? 

4. Given a verifiable Hypothesis what con- 
stitutes its proof or disfroof ? 

5 Distinguish between verifiable and A’^erified 
Hypothesis, How Avould you verify a given hy- 
pothesis ? 

6. What ai'e the A'arious kinds of Hypothesis ? 
Hoav would you verify each of them ? 

7. What are the conditions of a legitimate lu'- 
pothesis ? 

8. How and Avhy do we make a hypothesis ? 

9. What are the uses of Hypothesis ? 

10. Explain the different sources of Hypo- 
thesis, 

11. Explain clearly the folloAving ; — Working 
Hypothesis, Provisional Hypothesis, Tentative Hy- 
pothesis, Descriptive Hypothesis, Explanatory 
, Hypothesis, Representative Fiction, Gratuitous 
Hypothesis, 

12. Explain clearly the relation between 



IXDUCTIOX 


18E) 


Hypothesis and Induction, ('an there be any 
Induction without Hypothesis ? 

13. Explain the different forms of the veri- 
fication of Hypothesis and examine their respective 
value. 

14. Explain and illustrate : — Crucial instance, 
Experimentum crucis, Hyittthesei* 'non-jingo, vero 
cam-a and Theory. 

15. Explain the .stages through which a hypo- 
thesis passes from its inception up to its acceptance 
a.s a law. 

16. Explain the relation between Hypothe.sis 
and Abstraction. \A'hat do you understand by the 
Method of Abstraction and the Method of Limit ? 

17. Explain and illustrate the method of Hy- 
pothesis. 

]8. What is meant by^ Hypothesis in Science 
What different kinds of Hypothesis are there i 
Give examples. Explain how Hypotheses contribute 
to scientific discovery^ citing instances. Explain 
the relation of Hypothesis to Induction. 

19. (i) What is Hypothesis ? (ii) What are the 
' characteristics of a legitimate hy^pothesis ? How 

does a legitimate hypothesis differ from a scientific 

induction ? Give illustrations, (iii) What is meant by 
a working Hypothesis ? 

20. What is meant by varying the circumstan- 
ces in scientific investigation ? What is the use of 
the process ? Give illustrations to show its use and 
necessity’’ 

21 Suppose that on returning home you find 
one of the panes of y’our window broken ; show how 
you would apply the Method of Hypothesis in this 
case. 

22. Distinguish between a working Hy’pothesis 
and an established Hypothesis. 

23 Distinguish between a theoiy and a hy- 
pothesis. Give the canons to which a good hy’pothesis 
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must conform and illustrate them. Explain the 
function of hypothesis in induction. 

24. What do you understand by varvinir the 
circumstances, crucial e.xperiment, theorv. and 
hypothesis ? 

25 Do Hypotlieses assi.st Observation in anv 
'vay ? If so, how ’ What are the other use.s of 
h^rpothesis ? Distinguisli between a working )iy- 
pothesis and a descriptiv(* hypothesi.s ^ 

2G. Give examples of (a) Hypotho.-^is about 
unknown agent (b) Hypothesis about the Jnode of 
operation of known agent, ic) invariable hj-pothesis. 

Does the verification of deductions from a h 3 ^potlie- 
sis turn it into a certainty ’ 

27. If there lias been a theft in a room, liow 
would t^ou proceed to frame hypotheses (a) ’as to 
the identity of the thief, and (b* as to the manner 
in which the theft tvas committed '' 

28. A man is found lying on a railway track 
wounded and lifeless. PA-ame two hypothese.s about 
the causes of liis death. 

29. Explain the relation between Induction and 
legitimate h 3 ^pothesis. When is an hyiiothesis .said 
to be valid ? 

30. It is said that all induction dejiends upon 
Hypothesis. How far is it true ? 



CHAPTER YII 


The Expeiimentel lYelhods. 

1. Introduction. We have seen that the aim 
of Induction is to establish universal real proj;osi- 
tjons which are in agreement vith the facts and 
])henomena occuiring in nature, and on the autho- 
rit}- of the law of causation, and the uniformitv of 
nature. Thus in induction we require first of all 
a relation between tvo phencmeia, and then a 
generalisation of this relation. logic advises us 
to generalise a relation only vhen it is grounded 
on the law of causation. Therefore the most funda- 
mental requirement of Induction is the establish- 
ment of causal relations. Mill has formulated five 
niethods for the establishment of causd relations, 
and these methods are called the Experimental 
Methods or the Canons of Direct Induction. 
These Methods do not embody self-evident truths, 
and so the question naturally arises how these 
methods have been arrived at. 

2. Deduction of the Experimental Me- 
tbeds : The Experimental Methods are five in 
number, viz., the method of Agreement, the Joint 
Method, the Method of Difference, the Method of 
Concemitant Variations, and the Method of Resi- 
dues. We shall see later on that of these fi\e 
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methods the Joint :\Iethod is a corollary of the 
Method of Agreement, and the Method of Residues 
is a corollary of the Method of Difference, Thus 
there are three fundamental methods, viz, the Me- 
thod of Agreement, the Method of Difference, and the 
]\rethod of Concomitant Variations. All these have 
been develojjed from the three methods of elimina- 
tion derived from the scientific view of causation. 

e have seen already that according to this view 
the cause is the invariable, unconditional, imme- 
diate antecedent of an event which is called its 
effect, and is quantitatitively equal to it. Here 
we notice that the cause is an invariable antece- 
dent. From this it follows that no variable 
antecedent can be regarded as the cause. In 
othei 'woids if we can eliminate an antecedent 
without affecting the phenomenon under considera- 
tion then that antecedent cannot be treated as 
the cause of the phenomenon, or jjart of its cause. 
Ihus we get the first principle of elimination : 
TJie liist Whatever antecedent can be left oat xvithont <pre- 

olVumna- to an event cannot be regarded as the 

tioii. cause or i^art of the cause. Suppose a person 

is suffering from diarrhoea. He supposes that potato 
is the cause of his diarrhoea, and so he gives 
it up. But he goes on suffering from the disease 
as before without any modification, and so it is sure 
that the eating of potato cannot be regarded as 
the cause of his diari’hoea. From this princi2)le 
the Method of Agreement is deduced. This Method 
tells us that if two or more 'positive instances 
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of a phenomenon under investigation have only 
one other circumstance in common then that 
circumstance is causally connected with the 
phenomenon. 

If ABC be followed by pqr, 

ADE be followed by pst, 
and if AFG be followed by puv 
then according to the Method of Agreement A is 
the cause of p or is causally connected with it. 
Here B, C, D, F, G, can be eliminated without 
prejudice to p, and so according to the principle 
of eilmation they cannot be regarded as the cause 
of p or part of its cause. Therefore the remaining 
alternative, viz., A, should be treated as the cause 
or part of its cause. 

We find from the definition of the scientific 
cause that the cause is an invarible unconditional 
' antecetent, and the law of causation tells us that 
there is a bond of necessity connecting the cause 
with its effect. Hence when the cause occurs 
the effect must take place, and when the cause dis- 
appears the effect also must disappear. Hence from 
the scienitific view of causation we get the follow- 
ing principle of elimination : Whatever antecedent 
cannot he left out without prejudice to the effect, 
other circumstances remaining the same, must he 
regarded as the cause or part of its cause. When 
light is eliminated from a room we fail to see the 
objects of that room and so- we conclude according 
to this principle that light is causally connected 
with the seeing of objects. The Method of Difference 
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follows from this principle of elimination, for 
according to it if iU j^osiMve. and the negative 
tnstance of a phenomenon agree in all respects 
mve one then that one should he treated as causally 
connected with the phenomenon. In ether wmrds. 
■if '>m.th. the introdtietion of an agent some pheno- 
'>^^enon appears, or if with the ovithdrawal of an 
agent some thing disappears other circumstcLnces 
rema%n%ng unaltered then that agent must he 
causally connected with the phenomenon or thing. 

This ^ method is symbolically illnstrated in the- 
following manner : — 

ABC be followed by pqr, 
and if BC be followed by qn 
then according to the Method of Difference A m 
the cause of p or is an indispensable condition of it. 

^ Here we notice that A cannot be eliminated 
without prejudice to p. In other words when A 
IS eliminated p becomes at once eliminated. Be- 
side.s B and C cannot be regarded as the cause 
o p because when they are present in the second 
mstance p does not occur. Hence the remain- 
ing antecedent A must be treated as the cause of 
p. Thus the Method of Difference follows from 
the scientific view of causation. 

^ We have also found that according to the scien- 
tific view the amount of energy in the cause is 
equal to and identical with the quantity of energr 
in the effect. Therefore any quantitative variation 
in the cause must imply a corresponding quanti- 
tative variation in the effect to maintain this equi- 
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valence. From this it follows that if two phenomena 
iw found to vary CO rreiip )n<liiigLy in their quan- 
tity ihc7i they s'loald he treated as causally 
connected the accompanying circum- 

stances remain unaltered. It also follows thac 
when tioo phenome^ia. are related in such a fashion 
that when otie varies the other remoAns constant 
then they cannot he treated as causdiy connected. 
The J\Iethod of Concomitant Variations is based on 
these truths. According to this 3Iethod xvhenever 
two phenomena arc found to vary correspondingly, 
other circumstances remaining unchanged, then 
they should be treated as eaiesally •connected. The 
symbolical illustration of this method is as follows : 

II ABC be followed by pqr, 
if 2 A, BC be followed by 2p, qr, 
and if 3 A, BC be followed by 3p, qr, then accor- 
ding to this method A should be treated as causally 
connected A\dth p. 

Here B and C cannot be regarded as the cause 
of p because they remain constant ivhen p varies 
quantitatively. Therefore the remaining antece- 
dent must be treated as the cause of p, or the 
variations in A are causally connected with the 
variations in p. This shows that the Method of 
Concomitant Variations follows directly from the 
third principle of elimination. 

Thus we find that the three experimental methods 
follow directly from the scientific view of causation. 
Of the remaining methods the Joint Method is a 
special case of the Method of Agreement, and the 
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jretbod of Eesidues is a co'rollaiy of the Method of 
Difference, Thus all the Experimental Methods 
follow from the scientific ^de•\v of causation. 
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3. The Experimental Methods, Now we 

shall consider one by one • all the Experimental 
litethods. These are treated as the methods of 
proof, i.e.. with their help we prove our hj'potheses. 
and thereby transform them into induction. When 
the conditions laid down b}' any one of these methods 
are fully satisfied a causal relation can be estab- 
lished. But these conditions are so ver}* stiff' 
that it is ver}' difficult to satisf}' them. These 
methods require instances either agreeing only 
in one point or differing only iri one point, but 
the phenomena experienced by us generally agree 
in more than one point or differ in more than one 
point. So the ideal laid down by these methods 
can hardly be satisfied by us. In all the methods 
with start with a number of hypotheses and then 
with the help of the instances of the phenomenon 
under investigation we show that no one of the 
hypotheses except one can be accepted as true, 
and so the remaining hypothesis is accepted as true. 
The cogency of all these methods rests on the eli- 
mination of all rival hypotheses, or the elimination 
of the non-causes. 

(i) The Method of Agreement. 

(a) Definition or canon of the Method of 
Agreement : 

If two or more {positive) instances of a phe~ 
nomenon under investigation have only one other r 
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cio'Ciimsfavce {o'nfecedent or cc'iiscq^ient) in com- 
mcn, flat circv.n.ia'itce is ihe cause or the effect 
of the qohe'novienicn, or connected with it bv 
causation. 

(b) S3TOboljcal illustration : 

If ABC be followed by pqr, 

If ADE be followed by pst, 

and if AFG be followed by puv, 
fben accordinj’' to the Method of agreement we 
can conclude that A is the cause of p or is connec- 
ted with it b}^ causation. 

Here we have considered three positive ins- 
tances of p. All these instances have only one 
other circumstance, viz, the antecedent A, in 
common Therefore accordin^' to the definition A 
, should be treated as causally connected with p. 
The cogency of this method rests on the fact that 
ino one of the antecedents except one can be treated 
as the cause, because when they are absent the 
phenomenon under investigation takes place. In 
the symbolical illustration B, C, D, F, G, cannot 
be treated as the cause of p because when thev 
are absent p occurs. Hence this Method rests on 
the principle : Whatever antecedent can be left 
out without any prejudice to the phenomenon under 
investigation cannot be treated as the cause or 
part of the cause. 

(c) Concrete illustrations i 

(i) If we apply heat to butter kept in an 
earthen pot we find that it melts. Similarly if we 
^PP^y heat to coconut oil kept in a glass bottle, we 
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find that it melts. Again if we applj^ heat to vaseline 
kept in an iron vessel we find that it also melts. 
Hence we conclude according to the jJIethod of 
Agreement that the application of heat is the cause 
^of the melting of oily substances. 

(ii) In the morning we find tliat dew is depo- 
sited on the blades of grass, on a piece of slate, on 
iron bars, and on bamboo sticks, and in everj* case 
we find that the temperature of the objects on which 
dew is deposited is less than the temperature of the 
surrounding atmosphere. Other circumstances being 
different we conclude that the coraparaitve coolness 
of the surface is causally connected with the forma- 
tion of dew. 

(iii) If we examine Italy, Brazil, Bengal, and 
Assam we find that all these places agree with 
regard to the presence of anopheles mosquito though 
there is difference Avith regard to manjr other things. 
.So we conclude according to this method that this 
kind of mosquito is causally connected Avith 
malaria. 

-iv) During the last outbreak of cholera in 
Mongh3T it Avas found that all the persons Avho con- 
tracted the disease A\'ere in the habit of cheAving the 
bazar pan, though thej^ differed in all other habits, 
.So it AA\as conelued according to this method that 
the bazar pa.n Avas causallj' connected Avith the 
epidemic in Monghyr. _ The conclusion Avould have 
been conclusive had the bazar pan been examined 
under a microscope, and the comma shaped germs 
detected on it. 
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(d) Criticism of this method. 

(1) It is an observatioval method on account of 
two reasons, viz., (i) in this method the negative 
-instance of the phenomenon is not considered, and 

(ii) in most of the cases we proceed from a 
phenomenon to its cause, Besides the conclusion 
established by this method is only probable on 
account of the fact that the instances of the pheno- 
menon under investigation are gathered bj- 
observation. 

(2) The scope of this method is greater than 
the scope of unj- other method because it is widely 
used in our every day life, and in connection with 
matters derived from observation. We generally 
apply this method to all those cases also which are 
beyond our control, or are too dangerous to be 
experimented with. Besides on account of the fact 

I that under this method we do not require any 
negative instance of the phenomenon under investi- 
gation the scope of this method becomes considerably 
greater than any other method. 

(3) In this method we generally proceed from 
the effect to the cause as in the post mortem 
examination. In it we also proceed from the cause 
to the effect, e. g., when the farmers find that the 
monsoon fails to break out at the proper time they 
infer that the harvest will be bad. Similarly 
teachers conclude that intelligent and diligent 
students will come out successful because they 
have found many such students coming out 
successful. 
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(4) The greatest function of this method is to 
suggest good hypotheses. Our every .day knowledge 
and practical knowledge are generally grounded on 
this metliod. This mehod also prepares the way for 
the application of the Method of Difference, which 
is therefore grounded on this method. 

All these ma}’’ be said to be the merits or advan- 
tages of this mehod, and the following may be 
treated as the disadvantages .or demerits of this 
method 

(5) The geratest demerit of this method lies in 
the fact that it does not take into consideration an}^ 
negative instance of the phenomenon under investi- 
gation, and consequently it does not show that when 
the supposed cause is absent, the supposed effect is 
also absent. In the symbolical illustration mentioned 
above we do not take any instance in Avhich A or p 
is absent. In other words the method does not 
show that along with the elimination of the supposed 
cause the supposed effect becomes eliminated. 

(6) The second great demerit of this method 
lies in the fact that it is completely frustrated by 
the plurality of causes. In the symbolical illustration 
the phenomenon p might have been produced by B 
in the first case, D in the second case, and F in the 
third case, and A may be an irrelevant circumstance. 
It is on account of this defect we find that in some 
cases this method establishes entirely erroneous 
conclusion, e. g., when rose syrup with castor oil is 
given to a person he gets loose evacuation. Again 
if rose syrup with liquid paraffin is given to a person 
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he also gets loose evacuation. Again if rose sj’^rup 
with croton oil be given to a third person he wili 
also have loose evacuation. Thus according to tliis 
method rose S 3 frup becomes the cause of loose 
evacuation. But we know it is not the case. Similarly 
if we find one jmar that the number of students who 
|3ass the I. A examination of the Patna University 
in the first division have moustache we may conclude 
according to this method that the possession of the 
moustache is the cause of success in the first divi- 
•sion. But we know there is no causal connection 
between them. 

Now we may enquire how we can get rid of the 
plurality of causes in connection with the Method 
of Agreement. We can remove this defect in three 
ways, namely, by multiplying the instances, bjr 
applying the Joint Method, i. e., by taking the 
pegative instance of the phenomenon under investi- 
gation, and by appl^dng the Method of Concomitant 
Variations. The more the number of instances 
taken into consideration and the more the variations 
of the accompanied circumstances, the more is toq 
value of the conclusion established by this method, 
and the less the chance of the plurality of causes to 
frustrate this method. If we take into consideration 
the negative instance of the phenomenon under 
investigation, and if we find that along with the 
elimination of the phenomenon the supposed cause 
also becomes eliminated, than the probability of 
the conclusion being true will be very great. The 
value of the Joint Method rests on the fact that 
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these negative instances are taken into consideration 
and thereby the difficulty due to the plurality of 
causes is removed. Again if we increase or decrease 
the quantify* of the suppo.'-'cd cause, and if we find 
that the phenomenon under inve.stigation also varies 
quantitatively, other circumstances remiaining 
unaltered, then we can be sure that the supposed 
cause is a real cause, and is not frustrated by the 
pluralit}’^ of causes. 

(7) Though this method assures us that wc‘ 

can establish a legitimate conclusion from two 
instances of agreement 3’^et in order to establish a 
conclusion b}* this method we are required to con- 
sider a vast number of instances though it is based 
on the nature of the instances. Eesides this metfod 
generally considers instances gathered from obser- 
vation. Hence it is not possible for us to know 
all the antecedent ciicumstances. In many cases 
the antecedents are known imperfectly. For this 
reason the conclusion arrived at by this method 
is and the m.ethod itself is treated as the 

method of discover}^, and not a method of proof. 

(8) This method does not tr^* to show the 
quantitative equivalence between the cause and its 
effect. Neither does it show the transference of 
energy from the supposed cause to its effect. 

(9) According to the definition of this method, 
as defined by Mill, co-existing phenomena may be 
viewed as cause and efiect, e.g., we find that in- 
dustrious countries are wealthy though othei- cir, 
cumstances are all different. Hence according to 
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the Method of Agreement industry becomes the 
cause of wealth. But these are co-existing pheno- 
mena, and so they cannot be viewed as cause and 
effect. But this defect has been removed by insert- 
ing the woi’ds ‘antecedent and consequent’ in the 
definition of this method. 

(e) The Method of Agreement compared with 
the Simple Enumerative Induction. In the 

Simple Enumerative Induction a universal real 
proposition is arrived at after an examination of a 
large number of the instances covered by such a 
proposition. Such a reasoning is grounded on 
uncontradicted experience, and so it is likely to 
be shattei’ed by coming across a contrary instance, 
as has been in the case of ‘All swans are white’ 
established by Simple Enumeration. In the Me- 
thod of Agreement we practicallj’- require a large 
iiiumber of instances of the phenomenon under 
investigation in order to establish a causal rela- 
tion though the definition of the Method tells us 
that from two or more instances a conclusion is 
possible. This method is grounded not on uncon- 
tradicted experience but on the law of causation. 
In this Method it is the nature of the positive 
instances excluding the possibility of the accompany- 
ing phenomena being treated as the cause which 
enables us to establish a causal relation. ' But the 
Simple Enumerative Induction rests entirely on the 
■momljer of the favourable instances and the absence 
of any contrary instance, but not on the nature or 
character of these instances.. In it the possibility 
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of the accomj3anying phenomena being treated as 
the cause is not excluded. 

In the Method of Agx-eement our direct aim is 

to establish a causal relation, and through it tve are 

aJlmvedto make a generalisation and establish a 
imiversal real proposition. But in the Simple 

Enumerativelnduction we never, care to establish 

any causal relation, but in it we directly rush to a 
universal real proposition. Generally cases of 
co-existence are considered in the Simple Enumera' 
tive Induction, while the Method of Agi'eeinent 
considers only cases of succession This Method as 

defined by Mill can be applied to cases of co-exis- 
tence, but this defect has been removed by insertinij 
within the definition of the Method the words 
^antGcedsiit and cose^uent/ 

Both the Method of Agreement and the Simple 
Enumerative Induction establish probable conclu- 
sions, but the degree of probability in favour of the 
conclusions established by the Method of Agreement 
is considerably greater than that of the conclusion.s 
established by the Simple Enumeration. The 
conclusions^ established by Simple Enumeration 
holds good in the adjacent cases, and their extension 
to distant or remote cases is always risky, but 
the conclusions arrived at by the Method of Agree- 
ment are universally ajiplicable. 


The- Method of Agreement is completely frus- 
trated' by the plurality of causes, but this question 
does- not arise in connection- with the Simple Enn- s 
inerative Induction as it does not pretend to 
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establish any causal connection. A reliable con- 
clusion can be arrived' at even bj* the Method of 
agreement when its requ irements are fully satisfied. 
Besides it is not impossible for us to satisfy these 
requirements. But a reliable conclusion can never 
be arrived at by Simple Enumeration and its 
requirements can never be satisfied because it is 
impossible for us to examine all the instances and 
to be sure that there is no contrarj* instance, and 
there xvill not be any in future. 

The Simple Enumerative Induction is generally 
concerned with superficial characteristics while the 
Method of Agreement is connected with the 
essential features of things which determine their 
activities or causation. The Simple Enumerative 
Induction requires instances like the following : — 
Ai is X. A„ is X, As is x, A 4 is x, etc Here the 
elimination of the non-causes or rival hypotheses 
is not considered. But the Method of Agi-eement 
requires- instances like the following : — ABC 
followed by pqr. ADE followed by pst, AEG 
followed by puv. Here the elimination of the non- 
causes or rival hypotheses is the essential require- 
ment. Hence w^e conclude that the Method of 
agreement is radically different from the Simple 
Enumerative Induction. 

(ii) The Joint Method. 

(a") Definition. 

If (t) two or more instances in which a 
phenomerion occVjTS have only one other circtvm 
stance {cor^seq^(,ent or antecedent) in common, 
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'n'hiln {ii) two or more insPmce^ in which, it don-< 
not occur have nothinrf else in common, save the 
absence of that circumstance ; ii[e circumstance 
in which alone the two sets of instances differ 
th.roughout [being 'present in the first set and 
absent in the second) is the efiect or the cause of 
the phenomenon, or causally connected with it. 

(b) Symbolical iliustration : 

If AbC be followed by pqr, 
if ADE be followed by pst, 
and if AFG be followed by puv, 
and 

if BCM be followed by qrm 
if DEN be followed by stn. 
and if FGO be followed by uvo. 
i.heii according to the Joint Method we conclude 
that A is the cause of p or is causally connected 
with it. 

Here we have taken two sets of instances. In 
the first set the phenomenon under investigation, 
vis., A occurs, while in the second set it does not 
occur. The finst set of iustaucos, i. e, the positive 
set, has only one other circumstance, viz., the 
consequent p, in common, while tho second set of 
instances, i. e., the negative set, has notliing else in 
common save the absence of the consequent p. 
Therefore according to the definition of the Joint 
Method we can establish a causal relation between 
A and p. Now the cogency of the 'conclusion lies in 
the fact that no one of the antecedents B, C, D, E, ' 
F, G can be treated as the cause of p because when 
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they are present in the negative set p is absent. 
Hence it is reasonabie for ns to conclude that the 
ren aining antecedent, viz., A, is the cause ofp. 
Here we notice also that when A is present p i.s 
present, and when A is absent p is also absent. But 
ailing with the elin'.inaticn of A otl or changes are 
introduced. But these cannot be treated as iho 
cause of the phtncn'.enon because when they aic 
lyesent the phenomenon under investigation dose not 
occur. 

Thus this method is grounded on the follow'ing 
jirinciple of elimination : — Whatever antecedent 
can be eliminated without prejudice to the efiect 
cannot be regarded as the cause of that efiect or 
part of its cause ; or nothing can be regarded as the 
cause in whose absence the phenomenon undei 
investigation takes place, and in whose presence 
the pber.onreron dees not take place. We have 
seen already that a causal relation implies that uhen 
il.e cause is present the efiect must be present 
and when the cause is absent the efiect must be 
absent. This principle underlies all the experimen- 
tal methods, and in every one of them the exclusion 
of the rival hypotheses enables us to establish a 
causal relation. 

fc) Concrete illustrslion ; (1) One night a 
number of objects are exposed and we find that' dew 
IS deposited on every one of them. W^e find also 
that the surface of all these objects are cooler than 
the surrounding atmesj he re and there is no other 
pomt of agrcoD’.ent an orgst then;, j^nother night 
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these objects are again exposed but no dew is 
formed and we find that the surfaces of these objects, 
this time are not cooler than the surrounding 
atmosphere. Hence according to the Joint Method 
we conclude that the comparative coolness of the 
surface is the cause of the formation of dew. 

(2) In the Napoleonic wars it Avas found that 
when Napoleon was present with his army the army 
Avas Auctorious but Avhen he Avas absent from the 
army the armj’- Avas defeated though these instances 
of the presence and absence of Napoleon did not 
agree in any material point. Hence according to 
the Joint Method Napoleon’s presence was the cause 
of the victory of the French army. 

(3) In all the great Avars that w^ere fought in 
ancient time it is found that the armj^ Avas Aucto- 
rious Avhen the cavalry was good, and it was defeated 
Avhen the cavalr^’^ Avas inefficient Hence the effi- 
ciency of the caA'-alry was the cause of Auctory in Avar 
in ancient time. 

fd) Merits and demerits of the Joint Method. 

(1) From the definition of the Method it is clear 
that Ave can establish a causal connection from tAvo 
positive and tAvo negative instances, yet as a matter 
of fact in order to establish a causal connection by 
this method Ave require a large number of instances. 
But it should be remembered that the conclusion 
is not grounded on the number but on the natv/re 
of the instances. The Joint Method requires a large 
number of instances in order to be satisfied as to the 
elimination of all possible riA'al hj^potheses or non- 
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causes. Bub a reasonable conclusion from two or 
more instances is possible when they fully satisfy 
the requirements of the method, which is very 
difficult to do when the instances are gathered by 
observation. 

(2) The greatest merit of this method lies in 
the fact that the conclusion established by this 
method is not frustrated by the pluralitj' of causes 
because the possibility of any one of the cii'cumstan- 
ces being regarded as the cause is negatived by the 
negative set of instances in which these accompany- 
ing circumstances occur, but the supposed effect 
does not. 

(S) When the phenomenon under investigation 
is not under our control we cannot apply the Method 
of Difference which is the most reliable method. 
In such cases we should alwaj's try to base our 
conclusion on the Joint Method. 

(4) This method gives us a reliable conclusion 
in practice, but when the instances do not fully 
satisfy the requirements of this method, then of 
course we are likely to get unreliable conclusion by 
it. The instances gathered by means of observation 
generally agree in more points than one. Hence 
strictly speaking we can hardly apply this method 
to observational instances. Yet as a matter of fact 
we widely ajiply this method to observational instan- 
ces, and so this, method comes to establish probable 
conclusions. When the instances are under our 
control experiment 'is possible. In such cases we 
invariably apply the Method of Difference. But if 
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we apply the Joint jMotliort in such cases then it 
will also give us undoubtedly a reasonable conclu- 
sion. Hence there is no defect in the method itself, 
but the defect arises in tlio w'ay in which wo ayjply 
it in practice. 

(5) This method fails to prove the unconditioii- 
alit\* of the causal relation, i.e., it cannot show that 
the cause established by this method can indepen- 
dently produce the phenomenon treated as the 
effect. 

(6) This is an observational method as in it we 
generally proceed from the effect to the cause, and 
in observation all the antecedents are not fcnov.m 
definitely, and it ma^- hajjjien that some of the 
hidden antecedents may bo the real cause of the 
phenomenon under investigation, e.g., ve conclude? 
by the Joint Method that the magician’s wand is the 
cause of the magic because whenever the magician 
touches an object with it the magic takes place. 
But when he does not touch it with the wand the 
magic does not take place. The real cause of magic, 
wo know', is the secret manipulation by the magician 
or his sleight of hands. 

(7) The negative instances should be exhaustive, 
i.e., Ave should take in them all the positive instances 
of the accompanying phenomena. But in practice 
this is not done exhaustively. Hence though this 
method is formally free from the difficulty of the 
plurality of causes yet practically it is not so. 

(8) In order to establish a causal relation we 
must take into consideration its quantitative aspect. 
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j.e., we Inu.sfc show that there is a transference of 
energy from the supposed cause to the supposed 
effect. Without this transference of energy we 
cannot be sure of the causal relation. Hence we 
must apply the Method of Concomitant Variations 
after applying the Joint Method. 

(9) In Mill’s definition of this method, the 
words -antecedent’ and ‘consequent’ do not occur. 
Hence according to Mill’s definition we can establish 
a c.ausal relation between the co-existing lohenomena 
and thereby commit blunder Bat in the modern 
<lefinition on account of the inclusion of the words 
•antecedent’ and ‘consequent’ it is not possible to 
establish a causal relation between co-existing 
])henomena by this method. 

(iii) Xhe Method of Difference. 

(a) Definition. If an instance in which a 
phenomenon occurs and an instance in which it 
does not occur have every other circumstance in 
common save one, that one (whether antecedent or 


consequent) occurring only in the former-, the 
eircumstance in lohich alone the tivo' instances 
differ is the effect or the came or an indispensable 
condition of the phenomenon. 

(b) Symbolical Illustration. 


If AbC be followed by pqr, 
and if Be be followed by qr, 

then according to the Method of Difference we con- 
clude that A is the cause of p or an indispensable 
condition of it. 

Here we have at first taken 
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which A occurs, and tlion an instance in winch A 
does not occur. Thc.v>' iw() instances have every 
other circnni.siance in romnion save and excojd one. 
name]3' consoqucin. p which occurs iu the posi- 
tive instance of A. *Sn according to the definition A 
becomes the cau.se or an indispen.'-ahle .condition 
of p. 

-the cogcnct ol the conclusion lies in the fad 
that no one ol the accompanjnng circumstances, 
namely- 11 and C, can be treated as the cansc of p 
because in the second instance when they aro pre- 
sent p is absent. Thus we are hound to maintain 
that the last alternative namely- A is the cause of p. 

This method floe.s not give us always the total 
cause of a phenomenon. To co\er such cases the 
expresskn ‘indi.spensahJc condition of the pheno- 
menon' has been included in the definition. So 
in appljnng this method wc shruld try to be. sure 
whether the established cause is tlic total cause oj' 
only a part of the cause. When wc view a pprt of the 
cause as the total cause, we commit the fallacy of non 
causa j.ro caum, e, g., if we cut- the string of a pun- 
kah it falls to the ground. So the cutting of . the 
string is the cause of the falling of the punkah 
accoidirg to the Method of Difiference But we 
know that it is reallj^ a conditon of thp falling of 
the punkah, the other im2D0iTant condition being 
the attraction of-, the earth, i. e., gravition. This 
examjde also shows .that this method is baffled . b^' 
hidden circumstances, and. is likely to be frustra- 
ted by the fallacy of non-observation. ' f 
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. fc) Two ways in which the method can 
be applied : Ifc appears from the definition that 
lliifi method requires two separate instances, but 
as a matter of iaot in practice wc require two sta- 
of one and the same phenomenon. For ins- 
tance in tin's method we first of all lake a pheno- 
menon and introduce in it some agent or circums 
lance and see what change takes place in the pheno- 
menon immediately after tin* introduction of the 
agent or circumstance. Thi.s change is the effect 
of the agent or circumstance introduced. Here wc 

apply this method by 'way of acblitiov. 

This methods can be applied by way of subtrac- 
tion also. We may take away or eliminate an 
agent from a phenomenon and see what cliange takes 
])lace in the phenomenon or what consequent becomes 
lorthwith eliminated. This eliminated consequent 
*must be the effect of the eliminated agent. Here tli's 
method is applied by ivay of s%ib traction. When the 
oyes are closed vision becomes at once eliminated. 
Therefore this method tells us that the eye is the 
organ of vision. Here the -Method of Difference is 
applied by way of subtraction. When we rub our 
hands heat .is generated, other circumstances remai- 
ning unaltered. Therefore according to this method 
the rubbing of hands is the cause of heat. Here the 
method is applied by way of addition. Hence it 
has been said that this method rests on the follow- 
ing principles : “If the addition or subtraction of 
an agent is followed respeactively -by the apj)earnce 
or disappearance of an event, and if all other cir- 
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onmstances remain the same, then that agent is 
the cause of the event. 

metlT'.i" pre-eminently an experimental 

0 , and It IS widely used in experiment. Yet it 
IS also nsed m our every day life, and bv applying it 

human beings learn at an early state of their iLs 
the vanous functions of their organs. 

'd) Concrete illustrations. Take a bottle of 
coconut od and apply heat to it, We find that the 
0.1 melts immedmtely after the application of heat, 
^herefoie heat is the cause of the melting of oil 
- at an electric be!! inside a receiver filled with air 
ring the bell and sound is heard. ( Tliis is the Do.si- 
instance of air. ) Now pump out the air from 
the receiver and when there is no air inside the 
receiver ring the bell again. This time no sonnd 
IS heard. ( This is the negative instance of air ) 
These two instances have everything i„ common 
save the sound in the first case. ■ Hence according 
to this method air is causally connected with the 
production of sound. 

(e) Merits of this method 
(1) In this method we generally proceed from 
the cau.se to the effect and so it is not likely to be 
frusteated by the plurality of causes. Here we 
consider a negative instance of the phenomenon 
under investigation and this negative instance 
shows conclusively that no one of the accompanying 
circumstances can be treated as the cause of the 
opposed effect. Hence the . conclusion arrived at ' 
by this method is not frustrated by the plurality of 
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oaiises. On {icconnfc of this the conclusion is reliable. 
Bc.siclc.s the number of instances rerjnired by this 
method is very small, viz., two instances of a pheno- 
menon, a positive and a negative one, or two stages 
of one and the same jihenomouon, namely the sta^e 
before the introduction or elimination of an agent, 
and secmidly the stage after the introduction or 
(“limination of the agent. 

(2) Ihis method is generally apjilied in experi- 
ment, and on account of this it is said to be pre- 
eminently the method of expt^riment. The ])heno- 
mena to which this method i.s generally applied are 
under our control so as to enable us to make eli- 
mination or introduction of an agent or circumstance 
])ossible. Generally elimination is not jossible when 
(he phenomena are not u nder our control, and even 
^ m those cases where elimination is possible we can- 
not bo sure that the two instances agree in all 
re.spects save one. When instances are got bj- ob- 
.'•ervation we cannot be sure that tliere is difference 
onh- in one joint. For these reasons the hlethod 
of Difference is called the method of ja-oof and is 
treated as the most reliable method. 

(3) All other methods indirectly satisfy the require- 
ments of this method. In them we show with the 
help of different instances positive or negative or 
both that no one of the accomj-anying circumstances 
or agents can be treated as the cause of the pheno- 
menon. This is what is demanded by the negative 
instances of .the Method of Difference. In every 
method it is on.occount of the exclusion of the non- 
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causes that a causal relation can be establisherl. ’ 

(4?) On account of the efficiency of this niGthod 
it has been remarked that one experiment success- 
fulJy performed un ler this method is sufficient to 
establish a causal relation. But a prudent scientisi. 
and logician must not be satisfied with one experi- 
ment he should repeat his oxperimout severcai 
times in order to be satisfied with the g’euuiueiios.s 
of his conclusion and to detect if there bo any 
hidden agent or circumstances introducing error in 
the expenraent. — C. Read. 

{•5 ) Almost all the method.s are frustrated by 
non-observation or hidden agents and circums- 
tances. But this method is not ordinarily vitiated 
by bidden agents because tlie phenomena to ivliich 
this method is applied are determined by us, and 
are under our control. The conditions determinino- 
the phenomena are also comjiletely known in these 
cases. But when we apply this method to instan- 
ces gathered by means of observation then it i.s 
likely to be vitiated by non-observati on or bidden 
agents. In magic we find that" an object dis.sap- 
pears when the magician touches it with his wand. 
According to the Metbpd of Difference the magician’s 
'wand becomes the cause of the dissappearance of the 
object, but. as a matter of fact we know that the 
sleight of hand or some' secret manipulation is the 
real’ cause of the dissappearance of the object. 

(f) Defects; 

(1) The greatest defect of this method is tha1, 
though the number of instaric'es’ required by this 
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inethod is very small and the requirements of this 
method are very simple yet it is very difficult to 
satisfy this simple requirements of this method. 
This is because the instances of the phenomenon 
under investigation generally differ in more points 
than one while according to this method we require 
instances agreeing onl}’- in one point. So the scope 
of this method is very limited. 

(2) Though this method is not frustrated by 
the plurality of causes 3 mt if we accept this doctrine 
the nature of the conclusion will be altered and the 
inethod will establish not the cause but a cause, 
i.e.; it will establish one of the causes producing the 
phenomenon and not the one and the only cause. 

(3) Another great defect of this method is that 
it pretends to treat a condition as a total cause, 
e.g., the cutting of the string is treated as the 

I cause of the falling of the punkah. Sometimes 
according to this method wo treat one of the co- 
effects as the cause of the other, e.g., the flash of 
light is treated as the cause of the report of the 
gun. . 

(4) This method overlooks the quantitative 

aspect of the causal relation, and now-a-days it is 
not reasCnable to establish a' causal relation between 
two phenomena without knowing definitely that 
there is the transference of energy frorn the one to 
the other. , . ' 

(5 ) This method is not generally applicable to 
arguments in which we proceed from the effect 
to the caus'e. The misapplication of ' the method 
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is very common, and so this method gives rise to 
the popular fallacy of 'post hoc ergo propter hoo. 
e.g., "n-ith the arrival of a governor in a province the 
■weather became very bad, and so the people thought 
that the bad ■weather was due to that governor. 
Similarly it Is fallacious to maintain that a bride 
is the cause of a mishap in a familj' if it happens 
after the arrival of the bride into the family, 

(g) The Method of Agreement compared 
with the Method of Difference. 

(i) Both the methods are deduced from the 
scientific vie'w of causation ■which -we know combines 
within it the law of causation and the uniformity 
of nature. But the Method of Agi-eement rests 
on the principle that whatever antecedent can bo 
eliminated without prejudice to the effect cannot be 
considered to be the cause while the Method of 
Difference rests on the principle that whatever 
antecedent cannot be left out without affecting the 
effect must be causally connected with it pro^^dded 
no other change takes place along with its elimina- 
tion. Both these principles follow from the scienti- 
fic ■view of causation. In both these methods 
the cogency rests on elimination. Therefore both of 
them may be treated as methods of elimination. 

(ii) The Method of Agreement requires instan- 
ces like the following : — 

ABC followed by pqr 
ADE followed by pst 
AFG followed by p'uv. 

Here we can establish a causal relation between A 
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and p because the possibility of B, C, D, E, F, G, 
being regarded as the cause of p is eliminated be- 
cause when they are absent 'p freely occurs. 

The Method of Difference requires instances 
like the following ; — 

ABC followed b3’- pqr 

BC followed bj!- qr. 

Here we can conclude that A is the cause of p be- 
cause the possibility of B and C being regarded as 
t.he cause of p is eliminated for when they occur p 
does not occur. Therefore both the methods are 
methods of elimination and rest on the elimination 
of the probable causes save one. But as elimination 
supposes detection so these methods may be trea- 
ted as methods of detection or discovery as well. So 
ihese methods have two aspects of which one is 
I positive and the other is negative. 

(iii) Both the methods rest on agreement as 
well as difference. The Method -of Agreement is 
not a method of pure agreement because in it we 
require instances differing in all respects save one. 
The Method of Difference is not a method of pure 
difference because in it we require instances agree- 
ing in alt -points save one. Pure agreement and 
])ure difference exist neither in thought nor in the 
outside world of nature. 

(iv) The Method of Agreement is mainly a 
method of observation while the Method of Differ- 
ence is mainly a - method of experiment- but . both 
the methods can be used in experiment and obser- 
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vataon. But when experiment is possible no one 
thinks of applying the Method of Agreement. 

(y) The Method of Agreement ordinariiy 
requires a arge dumber of ' instances whereas only 
two instances or two stages of one and the same 
instance are required by the Method of Differ- 
ence. The negative instance of the phenomenon 
under investigation is considered by the Method of 
Difference and so the concinsion is reJiable, while 
the Method of Agreement does not consider any 
negative instance of the phenomenon under investi- 
gation, and so it can prove • only probable conclu- 
sions. 


(vi) The Method of Agreement is vitiated by 
the plurality of causes but the Method of Difference 
IS not frustrated by the plurality of causes. Even 
when we accept the plurality of causes we can 

establish one ofthe causes by applying the Method 

of Difference. Hence the Method of Difference is 
more reliable than the Method of Agi-eement. 

(vii) Both the methods suggest hypothesis and rest 
on hypothesis and are vitiated by the intermixture 
of effects. The scope of the Method of Agreement 
IS greater than the scope of the Method of Dififer- 
ence but as a method of proof the value of the 
Method of Difference is considerably greater than - 
that of the Method of Agreement. The function 
of the Method of Agi-eement is to suggest good 
hj^otheses while the function of the Method of 
Difference is to prove the hypotheses suggested 
oy the Method of Agreement. Tlius both the 
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methods are inter-related and one of them prepares 
the ground for the application of the other. 

(h) The Method of Difference and the 
Joint Method compared. It has been pointed 
out alread}' that all the experimental methods have 
been deduced from the scientific view of causation 
and they express the diffci'ent aspects of the causal 
relation. Hence the Joint Method and the Method 
of Difference rest on the same basis. In both of 
them we establish a causal relation by eliminating 
the possible idval hypotheses. Both of them con- 
sider the negative instance of the phenomenon under 
investigation, and neither of them is frustrated 
bj- the plurality of causes. Hence both these 
methods are reliable methods. 

• When we gather our instances by observation 
or when the phenomenon under investigation is 
beyond our control we try to apply the Joint 
Method, but when the instances are gathered by 
experiment or when the phenomenon studied is 
under our control we try to apply the Method 
of Diffence. The Joint Method is called 
an' observational method, while the Method of 
Differerence is called an experimental method. 
Nobody thinks of applying the Joint Method when 
experiment is possible. The Method .of Difference 
is 'pre-eminently the method of discovery. The 
Joint Method requires a set of positive instances 
cKferinB in all respects save one, and a set of 
negative instances differing in all respects save 
o'ne, while the Method of Difference requires two 
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instances only, viz., a positive and a negative 
instance agreeing in all respects save one. The differ- 
ence between these two methods lies on the nature 
of the instances required by them. The Joint 
Method indirectly fulfils the requirements of the 
Method of Difference, for in the negative set the 
accompanying phenomena are all present, and -vve 
can mentally construct out of them a relation like 
BC followed by qr. In the Joint Method we 
generally proceed from the effect to the cause, 
while in the Method of Difference we proceed from 
the cause to the effect. In both these methods 
t.he conclusion is grounded not on the no,mbor 
of instances but on their nature. Yet srreat 
importance is placed on the number of instances 
in the Joint Method simply because the instances 
are derived by observation, and as such they 
agree in more points that one. While a single- 
experiment successfully made according to the 
Method of Difference is sufficient to establish a 
reliable conclusion. 

Both the methods are frustrated by hidden 
agents and intermixture of effects, and by both 
of them we are led to treat, (a) a part of the cause 
as the total cause, and (b) the co-effects as cause 
and effect. No one of these methods can establish 
the, total or unconditional cause, or the only cause 
and so the claim of Flower that the Joint Method 
is superior to the other methods as b}’’ it ive can 
establish the only cause is entirely wrong.. When 
the plurality of causes is accepted, like the Method 
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of Difference, onjy one of the causes, i. o. a cause 
and not i/u; cause, can be established bj the Joint 
Method. For we may have hundreds of separate 
groups of instances establisliing hundreds of 
causes of one and tlie same phenomenon. Unless 
and until the phenomenon under inve.stigation is 
spcciali.scd we cannot get rid of the plurality of cau- 
.-os. Such a specialisation is possible in eiperimeni 
and so in the application of the Slethod of Difference 
but not in observation and so not in the application 
of the Joint Method. For this reason the Method oi' 
Difference is considerably more reliable than the 
Joint Method. 

Both the methods totally overlook the quantita- 
tive aspect of the causal relation, and so both of 
them should be supplemented by the Method of 
Concomitant Variations. Even after the application 
of these methods we shduld try to make the supposed 
cause independently produce the supposed effect 
when they are under our control. Without this 
further experiment our conclusions will i-emain 
probable in the logical sense. 

(iv) The Method of Concomitant Variations. 

(a) Definition. W hai ever phenowenon varies 

any manner whenever another phenomenon 

consequent or antecedent'^ varies 'in some parti- 
cular manner (no other change having occurred) 
us either a cause or effect of that phenomenon, or 
IS connected with it through' some fact of causation. 

(b) ^ Symbolical illustration. This method 

can be illustrated in two ways ; 
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(1) When .tlie accompanying circiimstfinces 
remain unaltei-ed. 

If ABC be foJloAved by pqr, 
if 2A, BC be followed by p'qr, 
and if 3A, BC be followed by p"qr, 

Uien according to the Method of Concomitant 
Variations we can conclude that A is the cause 
of p or is causally connected with it 

Here we notice that whenever A. is changed into 
2 A. and 3 A, p' changes correspondingly into p' and 
p", and the other circumstances remain unaltered, 
rherefore the variations in p must be due to the 
variations in A. We liave seen already that two 
phenomena cannot be treated as cause and effect 
if one of them remains constant when the other 
varies. According to this principle B and C can- 
not be treated as the cause of p because when p 
varies they remain unaltered. 

In this case tlie Method of Concomitant varia- 
tions becomes a special case of the Method of 
Difference In the symbolical example mentioned 
above we find that the instances differ only in the 
quantity of A and p. Therefore we can conclude 
according to the Method .of Difference that the 
«]uantitative difference in A is the cause of the 
quantitative difference in p. In this case the con- ' 
elusion arrived at is reliable. 

Concrete illustration. If in a cup of tea we 
go on increasing the quantity of sugar, without' 
introducing any other change then we shall find 
that the sweetness of the tea goes on increasing, ^ 
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Hencb according to this method this sweetness of tea 
is due to sugar. 

(2) When the accompanying circumstances vary 
qualitatively. 

If ABC be followed by pqr, 
if 2 A. DE be followed by p'st 
and if 3 A, FG be followed by p'uv, 
then accordinfT to the [Method of Concomitant 
Variations we conclude thai A is fclie cause of p or is 
causally connected with at 

H( 3 re 3, C, D, E, F, and G cannot be treated as 
the cause of p because when they are absent p 
Occurs. Hence A alone can be treated as the cause 
of p and the variations in the quantity of energy 
in p must be due to the variations of energy in A, 

In this case the Method of Concomitant Vari- 
ations becomes a special case of the Method of 
Agreement because all the jiositive instances of A. 
<Uflfer in all respects save one, namel}^ the consequent 
p. Hence the Method of Agreement tells us that 
in such a case we can establish a causal relation 
between A and p. In this case the conclusion 
established becomes probable and is completely 
frustrated by the plurality of causes. 

To avoid the second case of this method, namely 
when the accompanying circumstances vary, and to 
make the conclusion reliable many logicians insert 
within the definition of this method the expression 
*'no other change having occnrreW\ When this 
is inserted within the definition this method admits 
of only one kind of illustration. - * 
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The oilier methods are qualitative in nature 
whereas this method is quantitative. From the 
other methods we get the information that A is the 
cause of p, but these do not tell us how much of 
A produces how much of p. It is the Method of 
Concomitant Variations which gives us this addi- 
tional information. Hence the greatest value oi’ 
this method is to specificall}' determine the quantity 
of the cause necessary for the productionof a giv^en 
pnenomenon. 

Concrete illustration : We find that the more 
the friction the more is the heat and so we 
conclude according to this method that friction is 
the cause of heat or is causall}' connected with 
it. Again "we find that the more the heat of 
an object the more is its volume and so 
according to this method heat is causally 
connected i\dth the volume of an object. These 
two cases illustrate direct variation. Again we 
find that the more the heat the less the density, 
and so according to the ^■ethod of Concomitant 
Variations we conclude that there is a causal 
connection between temperature and the densiti" 
of objects. Again we find by observation that the 
more the moral culture the less the number of 
crimes committed by the people having this cul-, 
ture. Hence according to this method there is a 
causal connection between the moral culture and 
the number of crimes committed by a people. 
These two instances illustrate inverse variation. 

Here a little explanation as to the nature of 
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variation is necessary Two phenomena are said 
to vary togetlior when the variations in one are 
determined by the variations in the other. In 
such cases the variations in the one bear a propor- 
liion to the other. Such variations may be either 
di/i’ect or inverse. Two phenomena are said to 
vary directly if one of them increases while the 
other increases, and if one of them decreases while 
the other decreases, e.g., the more tlie proverty the 
more is the misery, and the less the proverty 
the less the misery. Hence there is dii’ect vari- 
ation between poverty and misery. Two phenomena 
are said to vary inversely when we find that one of 
them increases while the other decreases, and one 
of them decreases while the other increases. We 
have such a variation between the denotation and 
the connotation of a term. Two phenomena are 
said not to vary together when one of them 
varies while the other remains constant, or when 
they vary in no proportionate manner. As for 
instance when the chair is moved the table remains 
unchanged. Hence they are said not to vary toge- 
ther. We find that the water of the Ganges is 
always changing and tiie trains on the rail road 
are also changing but they ai-e not changing in any 
proportionate manner. So they are said- not to vary 
together. In such cases there cannot be any 
causal relation. 

(c) The Principle on which this method is 
based. It is a development of the quantitative 
aspect of the causal relation which maintains that 
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the quantity oi energy in the cause is equal to 
and identiral with the quantity of energy in the 
effect. Therefore any variation in the quantity 
of the cause must imply a corresponding or con- 
eomitant variation in its effect. From this it follows 
that “notliing is the cause of a phenomenon which 
varies when it is constant or is constant when it 
vaiies or varies in no proportionate manner with it.’’ 

(d) Criticism of the Method. 

Merits, (i) The greatest use or peculiarity of this 
method lies in the fact that it is the onlj’’ method 
vdth which we can tackle the permanent causes 
or those agents or phenomena which cannot bo 
completely eliminated but can be had in various 
degrees, e. g., gravit}', friction, atmospheric pressure 
etc. The Method of Difference requires the elimi- 
nation of the phenomenon under investigation. So 
with its help we cannot ascertain the effect of any 
permanent cause. For the same reason the Joint 
Blethod is not applicable to the .permanent causes. 
In the Method or Agreement the elimination of 
the accompanying' circumstances is required. When 
the permanent causes are taken into considez’ation 
the instances required by the Method of Agreement 
will agree in more points than one. But if we want 
to ascertain the effect of anj- permanent cause bv 
the Method of Agreement then of course a conclu- 
sion is possible, e g*., by the Method of Agpreement 
we conclude that heat is the cause of the melting' 
of oily substances. But with its help we cannot 
quantitatively determine the- cause or the effect. '' 
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(2) The second great use of the Method of 
Concomitant Variations lies in the fact that with its 
heljs , we quantitatively determine the cause and the 
effect, i.e,, we show how much of a cause is necessary 
for producing a definite quantity of a phenomenon 
or effect. 

(3) The third use of this method lies in the 
fact that with its help we show the transference of 
energy from the cause to its effect without which a 
scientific causal relation cannot be established now- 
a-days. Thus after applying the Method of Differ- 
ence which is treated as the most reliable method 
we should invariably apply the Method of Con- 
comitant Variations, 

(4) This method is generally treated as a 
method of discovery. Suppose a person takes a 
kind of food and holds that it is not harmful. By 
increasing the quantity of this food if we find that 
some painful sensation is caused or some illness is 
produced then we can at once conclude that the food 
IS harmful. When by accident a thing is taken in 
an excessive quantity and the person taking it falls 
ill immediately then of course a causal relation can 
be established between that food and illness. 'I his 
shows the efficacj’’ of the extreme case in discovering 
the causal relation. 

Defects. 

{!)- i he greatest defect of this method lies in 
the fact that the conclusion established by it is not 
universal in nature, i.e., it holds good between some 
limits, e.g., by applying this method we conclude that 
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the more the heat of water the less the volume, and 
the less the heat of water the less is its volume. 
But if we go on decreasing the heat of water 
we find that its volume also goes on decreasing, jtsut 
suddenly at a particular point the volume, instead of 
decreasing, increases considerably, and water becomes 
converted into ice. Similarly the more the stimu- 
lus the more the sensation. But we find that the 
sensation ceases to increase at a certain point when 
the stimulus is made to increase. 

DifiSculty is also felt in appljdng this method 
where quantitative variations introduce qualitative 
change, e.g,, by applying heat to water it can be 
transformed into vapour. Here we have a change 
in quality and so the phenomenon passes out of 
the scope of this method. 

(2) By this method we are often misled to 
regard co-effects as cause and effect, e.g., the more 
the water in the Ganges the more is the current, 
and the less the water, the less the current. ■ So 
according to this method we may conclude that the 
water in the Ganges is the cause of. its current. 
But we know that the3>^ are the co-effects of heavy 
rainfall on the mountains, the melting of glaciers, 
and gravity. Similarly the more the death of 
rats the more is the plague and the less the death of 
rats the less is the plague. Hence accor<ling to this 
method the death of rats becomes the cause of plague, 
but they are really the co- effects of the biting of a 
kind of flea. Again the more the fall of the mer- ' 
cury column in the barometer the more is the 
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violence of the ensuing storm, und so according to 
l.liis method the former becomes the cause of the 
latter. But we know that they are the co-effects 
of the fall of atmospheric pressure. 

(e) The Alethod of Concomilant Variations 
compared with the Method of Difference. 

The Method of Concomitant Variations becomes 
a special case of the Method of .Difference when the 
accompanying phenomena remain the same, that is 
when we insert in the definition the e.xpression “vo 
otlter change having occurred ’ after ‘some particular 
manner.’ But when the accompanying phenomena 
vary along with' the variations of the phenomenon 
under investigation it cannot be regarded as a 
special case of the Method of Difference, Even in 
the first case where the accompanying phenomena 
remain unaltered wc can establish a quantitative 
relation directly but not a qualitative relation 
as is establish b}' the Method of Differonco. Besides 
in the Method of Diflcrence we take a negative 
instance of the total phenomenon under study, 
while we take a negative instance of only a small 
quantity of the phenomenon under investigation 
in the Method of Concomitant Variations. It is 
for this reason we can prove by the Method of 
Difference that A is the cause of p, while by the 
Method of Concomitant Variations we can directly 
prove only that the quantitative variations in A are 
causally connected with the quantitative variations 
m p. But quantitative variations are not uniform 
throughout, therefore wc cannot establish any unD 
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versal law by the Method of Concomitant Variations, 
but we can establish a universal qualitative low by 
the Method of Difference. Hence the i\lcthod 
of Difference is more reliable than the Method of 
Concomitant Variations. 

Idle Method of Difference is not applicable to 
permanent causes, i.e., when we are required to find 
out the effect of a permanent cause which cannot be 
eliminated we cannot ajjpl}'^ the ]\Iethod of Difference 
which requires the complete elimination of the 
phenomenon under investigation. But we can find 
out the effect of the permanent causes b}' applying 
the Method of Concomitant Variations. 

The Method of Concomitant Variations is a 
fruitful source of hypothesis, and the function of the 
Method of Difference is to establish the hjqjothesis 
suggested by the Method of Agreement and the 
Method of Concomitant Variations. Therefore the 
Method of Concomitant Variations is called the 
method of discoveiy while the Method of Difference 
IS called the method of proof. 

In man3'^ cases the result of the Method of 
Difference is further strengthened by the application 
of the Method of Concomitant Variations. We have 
seen already that the Method of Difference fails to 
prove the transference of energy from the cause to 
the effect, or to show the quantitative equivalence 
between them. We have onl}’’ the Method of Con- 
comitant Variations to show the transference of 
energy. Hence the application of this method 
is imperative in ever}^ case as without it the quanti-'' 
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tar.ive asiDOcfc of the causal relation cannot be 
[)roved. 

The Method of Concomitant Variations is most 
legular within the medium range, i.e., between 
certain critical points, while the Method v,f Differ- 
ence establishes conclusions which hold good uni- 
versal I3- 

(V) The Graphic Method. 

Quantitative variations can be represented with 
the help of a graph or a picture whereas qualitative 
variations cannot be so represented. So we can 
represent with the help of a graph the variations 
ot the phenomena considered by the Method of 
Concomitant Variations, and then we can draw con- 
clusmns from that graph very easily. Now when 
the instances are so represented with the help of 
a graph and the conclusion is drawn on the strength 
of that graph then the Method of Concomitant 
Variations becomes the Graphic Method. The 
Doctors apply this graphic method when the patient 
suffers from typhoid. Along the horizontal line 
IS measured and drawn one of the agents, or con- 
ditions with which the enquiry is concerned. It is 
called the variable and along with the perpendi 
cular is measured and drawn some other phenome 
non which we want to compare with the variable 
Tins second phenomenon is called the variant' 
The graph itself shows whether there is any corres' 
ponding variation between the two phenomena 
Ihus the Graphic Method exhibits concomitant 
variations to the eye and is extensively used in 
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ph'^sical and statistical enquiry. It is therefore 
also called the Statistical Method/ 

The Method of Concornitant Variations also 
gives rise to the Serial Method! or the Method of 
Gradations or the Comparative Method. These 
are reallj" the different names of one and the same 
thing. In them instead of rej^resenting the varying 
phenomena with the help of a graph we are required 
1.0 arrange the instances in a series or according to 
their grades of v'ariation, from the highest form to 
the lowest form, and then it becomes clear whether 
theie is any other phenomenon which varies along 
with the v^arialion of the objects in the series. 
When the instances are not arranged in a series 
the second factor of the variation, i.e., the variant, 
cannot be easily detected. Hence the efhcacy 
of the Method of Series or Gradations is to help 
ns in discovering the factors that vary correspon- 
dingly which otherwise remain obscure. Hence 
these are the methods of discovery and not of proof. 
These ma3' be treated as the subsidiary devices 
for discovering the instances required by the Method 
of Concomitant Variations. Special and separate 
recognition of these methods is not only unless 
but often misleading. 

(vi) The Method of Residues. 

(a) Definition ! Subduct from auy pheno- 
'nienon sicch part as previous inductions have 
'shown to he ihe effect of certain antecedents, and 
the residue of the phenomenon is the effect of the 
remaining antecedent. 
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(b) Symbolical illustration : 

If pqr follow ABC, 

uiicl if bj' previous induction we know t-hafc q is the 
effect of B, and r is the effect of C, then according 
Lo the ^Method of Residues we conclude that the 
residual phenomenon, p, is the effect of the remain- 
ing antecedent, A. 

Here we notice that we have onl}^ one instance 
of succession actuall}’’ observed b}' us and from 
this one case of succession we establish a causal 
relation with the help of the results arrived at by 
previous induction. Hence unlike the other me- 
tliods this method is not an independent method. 

fc) Concrete illustrationc : (1) When we 
try to explain our system of knowledge we find 
that almost the whole system can be explained by 
experience and inference. But a fragment of it 
cannot be so explained. So according to the 
^lethod of Residues it is inferred that this frag- 
ment is due to a different source, viz., intuition. 

(2) We know that the planets move on 
account of the attractions of the sun and other 
heavently bodies of the solar sj^stem. The orbit 
of the planet Uranus was at first explained by the 
astronomers with reference to the influence of the 
known planets upon the Uranus, In other words 
it was found by calculation that on account of the 
influence exerted by the known planets the Ura- 
nus should move in a definite path. But it was 
actually found that the Uranus deviates from this 
calculated path a little. This deviation is there- 
fore a residual phenomenon which cannot be 
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explained by the known planets. So it was infer- 
red that this deviation was due to some unknown 
planet existing in some part of the sky. By direc- 
ting the telescope to that part of the heavens a 
new planet was actually discovered, and this new 
planet was given the name Neptune. 

This illustration shows that this method is a 
method of discover}*, and at best it suggests a 
hypothesis to be proved later on by observation or 
experiment. It also shows that all the antecedents 
of the phenomenon under investigation are not 
present before us. In the symbolical illustra- 
tion all the antecedents, viz., ABC, are known, 
and the cause is to be found out from amongst 
these antecedents. But in practical investigation 
the antecedents are known partially and the cause 
to be found out remains hidden. To cover all these 
causes the method can be defined in the followino- 

CD 

manner : — 

A phenomenon which co.nnot he explained by 
the known causes must he the effect of some un- 
known cause or nothing can he treated a.s the 
cause of a given phenomenon which, is found to 
produce a different effect. . 

(3) Argon has been discovered by applying 
this method. It was found that natural nitrogen 
is heavier than nitrogen artificially prepared in the 
laboratary. B}^ the Method of Re.sidues it was in- 
ferred that the excess weight in natural nitrogen 
must be due to some heavier chemical which remains 
mixed up with it. Bj* careful analysis of natural 
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nitrogen a new heavier chemical was actually dis- 
covered, and was given the name argon. In this 
case also we find that the Method of Eesidues 
simpl}' suggests a hj’pothesis to be proved later on 
by actual observation or experiment. 

Criticism. (1) This method is really a special 
case or corollary of the Method of Difference in 
which we require a positive and a negative instance 
of the phenomenon agreeing in all respects save one. 
In the Method of- Residues also we require two 
instances of which one is actually present before 
us, while the other namelj- the negative instance is 
mentall}^ constructed with the help of previous 
induction. The Method of Difference requires 
instances like the following : — 

ASC followed by pqr (actually observed), 

BC followed by qr- (actual^ observed) 

But the Method of Residues requires instances 
like the following : — 

pqr follow ABC (actually observed 
qr follow BC (mentally constructed). 

We know from previous induction that q is the 
effect of B and r is the effect of C and there being 
a case of succession between the cause and its 
effect we mentally construct that qr follow BC. 
But ordinarily in our investigation with the Method 
of Residues we have not all the antecedents present 
before us. In the symbolic illustration the antece- 
dents ABC are fully given and the cause A is ob- 
served along Avith other antecedents. But in actual 
investigation A remains hidden, and Ave are required 
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to find it out by laborious research. This is clear 
from the ways in which the planet Neptune and 
the chemical argon have been discovered. 

(2) The Method of Difference is an independent 
method, and does not take the help of previous 
induction. It proceeds from the cause to the effect. 
But the Method of Residues is a dependent method 
as it takes the help of previous induction. In it 
we proceed from the effect to the cause. 

(3) When the plurality of causes is accepted 
we cannot infer the cause from the effect, and so 
we cannot proceed from the consequent to the 
antecedent ag we are required to do in the Method 
of Residues. For this reason the plurality of causes 
seems to frustrate the Method of Residues, but the 
Method of Difference is not frustrated by it. In the 
Afethod of Residues the conditions being fully known 
and being completely under our control the iDlurality 
of causes cannot frustrate our conclusion though 
theoretically it raises insurmountable diflSculty. 

(4) In one sense all the methods are special 
cases of the Method of Residues because in all of 
them we start ivith a number of hypotheses, e g., 
either A or B or C or D is the cause of p, and then 
with the help of the instances, positive or negative or 
both we show that B, C, D etc., cannot be the cause 
of p. So the remaining hypothesis or antecedent 
must be the cause of p. In. other words, it is the 
elimination of the non-causes which authorises us 
to establish a causal relation between a pheno-v 
menon and the remaining antecedent. 



INDtrCTION 


239 


(5) The main function of tlie Method of Resi- 
dues is to supplement other methods. Though 
it is the method of discovery yet it is widely used 
in experiment. When in any experiment we find 
some excess or deviation or defect then in order 
to explain this excess or defect we generally apply 
the Method of Residues, e. g., the excess in the 
weight of natural nitrogen over artificial nitrogen 
was explained by the Method of Residues. The 
deviation of the Uranus from the calculated path 
was also explained bj- the Method of Residues. It 
is also used in observation when we explain most 
of the cases of typhoid in a particular town by the 
hypothesis that the milk supply is the cause of the 
typhoid, we require the help of the Method of Resi- 
dues in order to explain the remaining small number 
of cases where apparently the milk supply in ques- 
tion does not operate. 

(6) This method establishes a causal relation 
from a single case of succession. On account of 
this it is very risky to be definitely sure of the 
validity of the conclusion arrived at by this method. 

' It is greatly frustrated by hidden causes, and un- 
less and until we are sure that the phenomenon 
under investigation is fully determined it is not 
advisable to apply this method. So logically we 
should apply this method in connection with expe- 
riments in which all the circumstances are fully 
known. 

(7) When a part of the cause is viewed as the 
total cause and when a part of the effect is viewed 
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as the total effect then we are sure to establish 
erroneous conclusion by ' this method, and treat a 
part of the effect of a known cause as the residual 
phenomenon requiring unknown causes for its ex- 
planation. To guard against all such errors it is 
advisable for us to apply the Method of Difference 
after applying the Method of Residues or after 
discovering the cause by the Method of Residues. 

(8) This method does not show any transference 
of energy from the supposed cause to its effect nor 
does it prove their quantitative equivalence. For 
realising this end we should supplement the Method 
of Residues with the additional application of the 
Method of Concomitant Variations. 

Thus we find that though the Method of Resi- 
dues appears to be a very easy simple and method 
(as easy as mathematical subtraction), yet it is the 
most difficult method, and so it can be successfully 
applied only in experiment where the circumstances 
are fully known. 

4. The Unity of the Methods. 

There are altogether five methods. Of these 
the Method of Residues is a corollary of the Method 
of Difference, and the Joint Method is a special 
case of the Method of Agreement and an imiirove- 
ment upon the Method of Agreement. Therefore 
there are three fundamental methods, viz , the 
Method of Agreement, the Method of Difference, 
and the Rlethod of Concomitant Variations. The 

Method of Concomitant, Variations also becomes a, 

special case of Method of Agreement when the 
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accompanying circumstances var}’ qualitative!}' along 
with the quantitative variation!^ of the phenomencn 
under investigation. It becomes a special case of 
the Method of Difference if the accompanying cir- 
cumstances remain unaltered when the phenomenon 
under investigation vai-y quantitativel3\ Thus we 
conclude that of the five methods the Method of 
Agreement and tlie Method of Difference are the 
liindamental methods. The Method of Agreement 
gives us probable conclusions and is not a method 
of proof as it does not consider any negative instance 
of the phenomenon under investigation. Its real 
function is to suggest a good hypothesis in order 
to be proved later on by the Slethod of Difference 
which is a reliable method and is not frustrated by 
the plurality of causes. Hence the most funda- 
mental and reliable method is the Method of 
Difference. In it we have direct!}' a negative in- 
stance of the phenomenon under investigation in 
which all the accompanying circumstances occur, 
and the negative instance shows that no one of 
the accompan}'ing circumstances can be treated as 
the cause of the phenomenon under investigation, 
because when they are present it is absent, while 
in the other methods we indirectly get the negative 
instances to show that when the accompan}'ing cir- 
cumstances are absent the phenomenon under in- 
vestigation is present (as in the Method of Agree- 
ment). Thus we conclude that the most funda- 
mental and reliable experimental method is the 
Method of Difference, 
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But for for this reason we cannot dispense with 
tlie ]\Iethod of Agreement, because the application 
of the Method of Difference requires a good hy- 
pothesis and for such a hypothesis we invariably 
require the Method of Agreement. Hence it is not 
incorrect to say that both the methods are necessary 
and fundamental. Besides the scope of the ^^ethod 
of Difference is limited, whereas there is no limit 
to the scope of the ]\Iethod of Agreement. Blost of 
the popular generalisations and the principles which 
we follow in practice are grounded on the Method 
of Agreement. Hence they are probable in nature. 
Our life is highly complex and it is not possible 
for us to get concrete principles having the cer- 
tainty of the conclusions established by the Method 
of Difference. Our life is generallj* conducted accord - 
ing to the probable principles arrived at by the 
Method of Agreement. Hence the practical value 
of the Llethod of Agreement is verj* gi'eat. 

The Method of Agreement is not a case of pure 
agi-eement but it considers instances agreeing onlv 
in one point, while the Method of Difference is not 
a case of jrure difference because it requires instan- 
ces agi’eeing in all points save one. This shows 
that agreement and difference lie at the bottom of 
all inference. But here agreement and difference 
do not mean the experimental methods of Agreemenf- 
and Difference. 

5. The Methods of Observation, Experi- 
ment, Discovery, and Proof. 

By the Experimental Methods we mean the 
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Method of Agreement, the Joint Method, The 
3Iethod of Difference, the Method of Concomitant 
Variations, and the Method of Kesiducs, They are 
called because the}' show the funda- 

mental method which the scientists follow, and 
ought to follow in performing as experiment. We 
have seen that in these l\Iethods we vary the accom- 
panvdng circumstances, take the positive and nega- 
tive instances of the phenomenon under investiga- 
tion, and vary them also quantitatively in order to 
establish a causal relation between two phenomena. 
In all the ethods it is the elimination of the non • 
causes or ' rival hyjjotheses which enables us to 
establish a causal relation, .So these Methods may 
be treated as the methods of eliminating the non- 
causes with a view to detect and prove a causal 
relation. These Methods also tell us the various 
Avays in which we may vary the circumstances in the 
midst of which a jihenomenon occurs. Thus these 
Methods describe the characteristics of the antece- 
dents and consequents which enable us to establish 
a causal relation, and eliminate the non-causes. 

The conditions required by all the Methods seem 
to be so simple that we may fulfil them by facts 
derived either from Observation or Experiment. 
But actually it is very diflScult, if not impossible, to 
satisfy these simple requirements by the facts and 
phenomena derived from Observation for three 
reasons, viz., (i) in Observation neither the ante- 
cedents nor the consequents are fiilly known • 
(ii) the facts and phenomena derived from Observa- 
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tion either agree in more respects than one 
or differ in more points than one, and their 
variations cannot be precisely measured ; and 
(iii) in many cases we fail to isolate or eliminate a 
j)henomenon which we are required to do according 
to these Slelhods, ETence the Blethods can be 
accurately applied only to phenomena got by Experi- 
ment and so they are called Experimental Methods. 

Yet all these Methods are applied to phenomena 

deiived from Observation where their requirements 
can be only partly or approximately fulfilled. When 

thus applied the ]\Iethods establish probable con- 
clusions Only, and are for this reason treated as 
I\rethods of Discovery and not of Proof. When they 
are applied to facts and phenomena derived fi’om 
experiment they all establish reliable conclusions 
and are for this reason treated as Method of Proof 
and not of Discovery. But to prove a causal rela- 
tion is to discover it. We cannot be said to dis- 
cover a causal relation unless we are sure of this 
1 elation, i. e., unless we are able to proove it. 
Hence the division of the Methods into the Methods 

Observation and the Jlethods of Experiment, 
and again into the I\Iethods of discovery and the 
Methods of Proof is erroneous. Similarly it is not 
correct to say that the Methods are all Methods of 
Elimination only, for in ever}’- case this elimination 

leads to the detection of the causal relation. Hence 
the Methods have both positive and negative aspects. 

When experiment is possible we invariably 
^PP^y fbe Method of Difference, and in order to 
make the cause and its effect quantitatively precise 
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we apply also the iMethocl of Concomitant Varia- 
tions. If there be any residual phenomenon in the 
from of excess or deficiency we further appi}’’ the 
Method of Residues. But we never think of apply- 
ing the Method of Agi’eement or the Joint Method 
in experiment. Hence the Method of Difference, 
the Method of Concoininant Variations, and the 
^Method of Residues are treated as the Methods of 
Experiment. While the Method of Agreement and 
the Joint Method are treated as the Ifethods of 
Observation. But it should be always remembered 
that the first three can be applied to observation, 
and the last two can be applied to experiment. 
Hence it is more correct to maintain that all these 
Methods are both Methods of Obser^^atson and of 
Experiment, but the Method of Difference is pre- 
eminetly the Method of Experiment and Proof. 

When we are required to find out the cause of 
a phenomenon experiment is not possible. Again 
when the given phenomenon is either beyond our 
control or is too dangerous experiment is not possi- 
ble. In such ■ cases we have to apply either the 
I\Iethod of Agreement or the Joint Method and to 
rely entirely on Observation. Hence these two 
Methods are called the Methods of Observation. The 
Method of Agreement does not consider anj- nega- 
tive instance of the phenomenon under investiga- 
tion, and is frustrated by the plurality of causes 
Hence it establishes probable conclusions. For 
these reasons it is pre-eminentlj’- the Method of 
Observation, and of Discovery. While the Joint 
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Method considers negative snstances of the pheno- 
menon under investigation, and is not frustrated 
by the plurality of causes, and so its conclusions 
are reliable. For this reason the Joint Method is 
treated as a Method of Proof though it is mainly a 
Method of Observation. The Method of Concomi- 
tant Variations and of Residues are supplementary 
Methods. They are apphed in connection with both 
Observation and Experiment. The Method of 
Concomitant Variations is one of the greatest 
sources of hypothesis. Its conclusions hold good 
within a limited range. So it is ordinarily treated 
as a Method Discovery and of Observation though 
it is widel}" used in connection with Experiment and 
may be treated as a Method of Experiment for 
this reason. 

The method of Residues is widel}’- used in 
connection with Experiment. Thus applied it gives 
us reliable conclusions. It can be applied also in 
Observation but in this case we ordinarily get pro- 
bable conclusion. In this Method we ordinarily 
proceed from the effect to the cause which becomes 
impossible when the plurality of causes is accepted. 
Even when it is applied in connection with experiment 
it suggests only the presence of an unknown cause, 
and to prove this we require the help of further 
analysis, observation or experiment. Hence this 
Method should be treated as a Method of Discovery 
and of Observation though it is widely used in 
connection with experiment. ^ 

All these Methods are sometimes called the 
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Direct Methods of Induction because according to 
them we are requii’ed to gather facts and phenome- 
na, and then to establish a causal relation by direct- 
ly applying these i\Iethods to them. Thus there 
seems to be no necessity for forming any hypothesis 
and the exclusion of the rival hypotheses. But this 
is impossible because without the help of some hy- 
pothesis it is impossible for us to gather the necessary 
facts and phenomena, and without the exclusion of 
the rival hypotheses it is impossible to apply the 
^Method. These rival hypotheses appear as accom- 
panying phenomena in all the Methods. All 
through these Methods the help of hypothesis is 
taken, and the conclusion becomes possible on 
account of the elimination of the rival hypotheses. 
Hence there is very little truth in treating these 
Methods as the Direct Methods of Induction. 

6. Criticism of the Methods. 

The following charges have been brought against 
these Methods by diHerent logicians. Let us 
exniine them one by one, 

(1) The Methods tale for granted the very 
thing which is ntost dijficwlt to discover, viz., 
the reduction of the complex phenomena to simple 
formula showing simple ansecedents and consequents 
like ABC followed by abc. Here it seems that 
we take for granted that A is the cause of a, B is 
the cause of b, and C is the cause of c. But these 
are the things which we are required to prove by 
the Methods ( Whev'ell ). 


Till* 

methods of 
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X'his ciiticism is uiijusfc bscauso by symbols M'c? 
cannot show the complexity of the facts and pheno- 
mena of our experience. Inductive enquiry is a 
very difficult task, and as long as the complexity 
of the phenomena is not simplihod by analysis and 
the exclusion of the irrelevant factors the Methods 
cannot be applied, and no causal relation can be 
established. The Methods show the goal -which we 
should tiy to reach by means of analysis, synthesis, 
and elimination. Hence the Methods do noc 
overlook the difficult preliminary task of simplifying 
complex phenomena. When the complexity cannot 
be simplified we apply the Complex Deductive 
Methods or the Doctrine of Chance but not these 
Methods. In symbolical representation different 
factors of the antecedents are bound to appear to be 
causally connected with the different factors of the 
consequents. But if it be treated as a defect of 
the Methods then we ought to condemn the law of 
Causation itself which tells us that every event has a 
cause. Hence it is necessary to insert in the 
fox mula3 sepaiate causal factors fox* the separate 
consequents. But from a single case of succession 
like ABC followed by abc it cannot be said that A 
is the cause of a. Hence it is incorrect to sa}’ that 
the Methods assume the very things which they 
want to prove. 

(2) No discovery has lean made hy the appli- 
cation of these Methods (Whewell). 

This cx’iticism is also wx'ong because the methods 
which have been followed by the scientists in inakinu- 
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tlieir discoveries can be reduced to one of these 
Methods. Chance discoveries and discoveries by 
deduction are not grounded on these Methods. But 
tlesigned disco\'eries based on Observation and 
Experiment invariably follow the line of enquiry 
laid down by these Methods. Besides to make 
our discoveries free from doubt we are required to 
prove them. Hence as Methods of- Proof these ex- 
perimental 3Iethods are aIwa 3 "S necessaiy if we want 
to establish a causal connection or to make a gene- 
ralisation from experience. These Methods also tell 
us how much reliance we can place on the popular 
generalisations not grounded on these Methods. 

(3) The Methods are not Inductive in Mill’s 
seTise,f6r they only start from universals and 
t eir -mode of reasoning is dedxietive throughout 
iWelton). 

Tliis criticism is dii-ected against Mill and not 
to the Methods and as such it involves the fallac}’^ of 
argiomentum ad hominem. Mill really abandons 
his empirical attitude ivhen he inserts "uncondi- 
tionality’ as a mark of causation, and deduces the 
Experimental Methods from the Law of Causation. 
But this is no ground for saying that the Methods 
are defective In all arguments the conclusion 
follows from the premises and fundamental princi- 
liles. These deductive elements are present in all 
the Methods. But from this it is incorrect to say 
that the conclusion arrived at by these Methods 
follows deductively, i.e., syllogistically from the 
premises. Even if we can transform an Inductive 
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argument to the syllogistic form it is not proper 
to maintain that the Methods are all deductive or 
syllogistic in character, because in the sjdlogistic 
argument the material aspect of our reasoning is 
absent and the conclusion is not grounded on the 
exclusion of the rival hypotheses. 

(4) The Metkods are the sole Methods ef proof 
as claimed hy Mill Not only this, they do not 
even furnish a valid proof at all [Welton). 

Here Welton combines many issues into one and 
thereby seems to commit the fallacy of Many 
Questions. Mill’s criticism of the syllogistic reason- 
ing has not been rightly understood by many 
logicians. I have tried to explain Mill’s position in 
my Text-book of Deductive Logic. If ^Ye are to 
make a generalisation through the establishment 
of a causal relation no other method of proof can 
be thought of, and no other method has jmt been 
discovered. To find fault with these Methods is to 
find fault with the law of Causation. For the 
difficu It}' of the application of these Methods the 
j\rethods are not responsible. They fail to furnish 
a valid proof when the requirements of these Methods 
are not fully satisfied. For the mis- application 
of these Methods we cannot hold that the Methods 
are worthless. The Method of analysis and syn- 
thesis as well as the Hypiothetical Method all rest 
on these Experimental Methods. 

Thus we find that all these criticisms are gi-ound- 
less. But it should be admitted that it is very 
difficult to fulfil the requirements of - these Methods 
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completely, and so it becomes impossible for ns to 
attain mathematical certainty in inductive inves 
tigation. 

7. Illustrations of the Methods. 

(1) Investigation as to the cause os Dew, 

In this case tve proceed from a phenomenon 
to its cause and so Observation is our only resource, 
■fhe first thing necessary for us is to make our idea 
of dew precise and clear. For this purpose we ought to 
distinguish it from other phenomena such as rain, 
fog, and mist. By observation, analysis, compar- 
ison. of all these phenomena we find that dew is the 
spontaneous deiK)sition of moisture on the surface 
of material objects from no visible source either in 
the atmosphere or in the ground below or in the 
object on which dew is formed. This is also treated 
as the definition of dew for the purpo,se of our 
investigation. 

Then we have to observe the circumstances in 
the midst of which dew takes place and to analyse 
these circumstances into their elementary factors. 
For this reason further observation and analysis 
are necessary. We find that dew takes place gene- 
rally at night, in. darkness and when the atmosphere 
and the surface of things are cold. Thus rve are 
presented with four hypotheses as to the cause of 
dew, VIZ., nightfall, darkness, coldness of the atmos- 
phere, and the coldness of the surface of the things 
on which dew is deposited. 

Now by means of crucial instances we should 
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see which one of these hypotheses should be rejected 
and which one may likely be true. 

We find by observation tliat eveiy night dew 
is not formed on the surfaces of tilings. Hence 
nightfall cannot be the cause of dew. We find also 
that dew is deposited in a moonlit night and even 
in the morning and before nightfall. So darkness 
cannot be the cause of dew. Had darkness been 
the cause of dew it would have been deposited even 
in a dark room. Had coldness of the atmosphere 
been the cause of the formation of dew then there 
would have been dew at all places and all things and 
also throughout the day and night. But as (.his is 
not the case coMness of the atmosphere is not the 
cause of dew. But it may be one of the necessary 
conditions for we find that all the cases of dew are 
the cases of cold atmosphere. So the Method of Agree- 
ment can be applied here, and by it we can establish 
the probable conclusion that the coldness of the 
atmosphere is causally connected with the forma- 
tion of dew. But the coldness of the atmosphere is 
closely' connected with the cold surfaces of the thinos 
and is external to the objects on Avhich dew is formed 
and so the last hypothesis is preferred. Thus all 
the hypotheses except one are excluded. Let u.s 
sec whether we can establish it by applj-ing the 
experimental M ethod. 

Let us examine one night the temperature of 
the surfaces on which dew has been formed We 
find that in every case the surface is cooler than the 
surrounding atmosphere. These positive instances 
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of dew agree only with respect to the comparative 
coolness of the sui’face. Hence according to the 
Method of Agreement the comparative coolness of 
the surface becomes the cause of the formation of 
dew. But this conclusion is only probable as it has 
been established by the Method of Agreement. 

The same night if we measure the temperature 
of those things on w hich dew has not been formed 
we shall find that the surfaces of these objects are 
not cooler than the surrounding atmosphere. Hence 
we can apply the Joint Method and arrive at 
the same conclusion. Here we should notice that 
the measurement of temperature with a thermometer 
cannot be called an experiment. This application 
of the Joint Method makes the conclusion more 
reliable. 

Let us then expose one night two bars of iron 
of the same size, form, and matter and by means 
of an electric wire let us prevent the lowering of the 
temperature of one of the bars. We shall see that 
dew fails to be deposited on this bar but it becomes 
deposited on the other bar. Hence by the Method 
of Difference we come to the same conclusion. 

We also observe that the quantity of dew is not 
the same on every object. By measuring the 
temperature of the objects on which dew is formed 
we find that the less the temperature of the surface, 
the more is the deposition of dew. Hence by the 
Blethod of Concomitant Variations we conclude that 
there is a causal connection between the compara- 
tive coolness of the surface and the formation of dew. 
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But we find by further observation that in many 
cases the surfaces of objects are cooler than the 
surrounding atmosphere yet no dew is formed on 
them, though all the furfaces on which dew is formed 
are cooler than the surrounding atmosphere. So we 
conclude according to the Method of Residues that 
there must be some unknown agent the absence of 
which frustrates the formation of dew. Further 
analysis of the circumstances dn which dew is formed 
led to the discovery of water vapour in the atmos- 
phere, the capacity of the atmosphere to keep in 
suspension a difinite quantity of water vapour at a 
particulrr temperature and the lower the teno- 
perature the less is this capacity. 

Thus we conclude that the comparative coolness 
of the surface snd the presence of an excess quantity 
of water vapour constitute the formation of dew. 
This explains all the instances without any excep- 
tion. When there is no excess amount of water 
vapour in the atmosphere dew will not be formed 
even if a surface happens to be cooler than the 
surrounding atmosphere. 

Lastly Ave should perform an experiment with 
artificially produced saturated air and a cool object, 
say a plate of glass placed in an ice chest. Let us 
insert this plate in the saturated air. We shall find 
that dew , becomes deposited on this glass plate. 
Hence we become rationally certain as to the trutli 
of our conclusion. 

In this illustration ^ve see hoAv all the Methods 
are applied in establisliing the cause of dew. 
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^ ( 2 ) Investigation as to the canise of the epide- 
mic ofty'phoid in Camden Town in 188S, 

Ml. Murj'hj, the medica] officer, made a plan 
of the town and noted therein the affected houses. 
Thus he observed the cases of typhoid and recorded 
the results of his observation. The definition of 
typhoid ^vas known to him and. so he was able to 
distinguish it from other allied maladies, viz., mala- 


ria, kala-azar, etc. 

Then he observed the circumstances in the 
midst of which the epidemic occurred, and thereby 
formed four hypotheses, viz., (I) the Regent’s canal 
(2) the water supply, (3) the insanitary condition 
of the affected houses, and (4) the milk supply. 
Then ne found out crucial instances to exiude the 
erroneous hypotheses and to detect the right one. 

He found that the houses far away from the 
canal were affected and many on the canal were not 
afrected. Hence the hypotheses of the Regent’s 
canal was rejected. Then he examined the next 
hj-pothesis. He found that there were two water 
supp ymg companies and the houses supplied* by 
both these companies were affected. Resides had 
jvater been the cause of the epidemic, itvould have 
been more virulent. He should have examined 
the water consumed under a nncroscope, and had 
he found no typhoid germs in that wate; this hppo- 
thesis would have been entirely wrong. 

_ Then he examined the hypothesis that the 

the epideiS 

He found that the houses vhere there was perfect 


Observation 
and its 
record. 


Further ob- 
ser\7itiou of 
the eir- 
cunistanof^s. 


Hypotliest^s 



256 


LOGIC 


Anpliocitiou 
of the Afe- 
rliods. 


Verification. 


sanitary condition contracted the disease. Hence 
this hypothesis wos treated as inadequate. Thus 
there remained only one hypothesis in the field, 
viz , the milk supply. It was found that 368 persons 
out of 431 attacked by the disease consumed milk 
supplied by one dairy firm, and the remaining 
liersons had their milk supply from different persons. 
Closer examination revealed that these were middle 
men and they also got their milk from the same 
daily firm. Now the Method of Agreement can be 
applied as all the cases of typhoid agreed with 
respect to the consumption of this suspected milk. 
But the accurate application of this method is not 
possible as many jisrsons who consumed this milk 
did not contract the disease. The Joint Method 
also cannot be applied as the negative cases of 
t3q3hoid ivere not the negative cases of the con- 
sumption of this suspected milk. The Method of 
Difference cannot be applied here as the phenomenon 
is too dangerous. There being no question of 
quantity the Method of Concomitant Variations 
cannot be ajiplied. So in this case our conclusion 
cannot rise above probability Had the suspected 
milk been examined under a microscope and typhoid 
germs detected therein the conclu.sion could have 
been reliable. Instead of proceeding in this scienti- 
fic manner the medical officer inspected the cows of 
the suspected dairj* firm and found that some of the 
cows of that firm had been suffering from typhoid. 
Thus the transference of energy was explained and 
the conclusion that the milk supply was the cause 
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ufthe epidemic was established. But it was nob 
explained how so many persons using that very 
milk escaped from contracting the disease. We 
may say now that the weakness of the fighting 
white corpuscles of the blood was another necessary 
condition of the disease. Where this condition was 
absent people did not contract the disease though 
they consumed the milk containing typhoid germs. 


8 Exercises 

neoeLrTto “o'-ght 

necessary to deal with the methods of experiment 

m I^gic ? State the Method of Agreemenr 

s s 'zt 

mettod of observation or of experiment, or of brth > 

Inwbatola^ of cases is it the only possible in 
ductive method and why ? ^ ^ ssiWe m- 

• 3. State the Method of Rpcjirlnoo T„n 

4. State in jmur own words and illustrate 
e.xapaples the' Method of DifferenoP ^ Sv. 
means of common instances th^t the 
a great pait in every day intlot t^setS 
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wlierever there are anopheles mosquitoes, there is 
niala,ri{i but that malaria is found also whGX’B (j.herG 
are no mosquitoes : what conclusion can you draAv 
from this ? 

5. What is the Joint Method ? Illustrate., it. 

6. When is it necessarj^ to employ the Joint 
Method of Agreement and Difference ? State and 
illustrate this Method by a concrete example, 

7. When is it necessary to emploj'- the Method 

Variations ? Explain and illustrate 
this Method, illustrating its various forms, 

^ 8. Explain how Plurality’’ of Causes and inter- 
mixturo of Effects affect the application of the 
Method of Agreement. What advantage has the 
Alethod of Difference over the Method of Agreement, 
and what advantage has the latter over the former ?’ 

9. ^ What are the two main principles involved 
in Mill s canons of the Experimental Methods ? 
What are the two ways in which the Method of 
Residues may be applied ? 

_ 10. Explain • and illustrate the Method of 
Difference showing its close connection with experi- 
ment in practical life. Point out how a careless 
use of this method leads to the fallacy of post hoc 
ergo propter hoc. 

11. What are the various canons of elimination? 
Show by concrete examples^ how each of them 
furnishes a method of enquiry into causation ? 

12. Explain giving a ^ concrete example, the 
Method of Difference, and point out its relation to 
the Methods of Concomitant Variations and Residues. 
Explain the nature of phenomenon for the investi- 
gation of which the last two methods are particularh- 
suited. 

13. Give a concrete example of the Method of 
Concomitant Variations. Indicate the limitations of 
the Method. Explain the principle of the quantita- 
tive equivalence of cause and effect. 
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14, ‘Thij Method ol’ Concomitant Variations 
and the Method of Residues are modifications of the 
i'fp'thod of Difference.’ Explain and illiisti-ate the* 
above statement. Explain the cases in which each 
of these two methods is apjjropriately emplo^’ed. 

15. E.vjdain and illustrate the difficulties which 

tend to frustrate the e.xperirnentnal Methods. How 
are they overcome ? 


IG.^ Name the Experimental Methods by which 
'•ach ol the following conclusions is arrived aD 

If ti particular portion of the brain is remo 
^ ed, a particular part of the body is par.alysed. 

(bi The more a body is heated, the more it 
expands. 

(c) Scarlet flowers have no fragrance. 

(dj J.he increase in the number of crimes in a 
village is due to the removal of its Police station. 

1 ^^-' Principles of elimination, and 

explain their relation to the Experimental lilethods. 


^o. 


Ai j r/xpiain wnat is meant by saying that the 
Methods of Agreement and of Difference are mainly 
the methods of Observation and Experiment respec- 

Difference dfffer 

irom the Method of Residues ? 


ao. i\ame tue Expenraental Methods by which 
each of the fo lowing conclusions is proved, explain- 
ing apphcabihty m each case ^ 

(a) Heat is the cause of the melting of ice 

far Lo 

(c) Despotic government gardually disannears 
as the people become more and more educated?^ 

• W . The weight of the load is the total weight 
less the weight of the cart. 

of ft iV- insufficiency 

of the Baconian Method to discover the morl 

obscure and difficult laws of Nature. What is the 
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-Baconian Method ? How does Mill depart from it 
in discovering the more obscure and difiScuIt laws 
01 JNature ? 

21. Test the validity of the following inductive 
aiguments, giving reasons and naming the experi- 
mental methods by which each is established 

(a) It was found that nitrogen as it occurs in 
the atmosphere was slightly heavier than nitrogen 
as obtained from^ chemical sources. The cause of 
this difference in weight must be due to the 
presence of some other gas in the atmosphere, 

A conjuror produces wonderful results bv 
ditferent tricks on different occasions taking care to 
vj,ve his w'and in each ease. Therefore the waving 
of his wand is the cause of the wonderful results.- ^ 
As soon as I came to this place mv disease 
^^■as cured. Therefore the .climate of tL place 
effected the cure of my disease. 

• cause of the diminution of crimes 

for crimes increase 
with the gi’owmg scarcity of food-stuff. 

22 . The Method of Agreement is a method of 
discovery and the Method of Difference is a method 
of proof. Explain the significance of the above 
remark. 

23. Test the validity of the following inductive 
^guments, giving reasons and naming the method 
by which each is established 

(a) _ Cold applied to water in an iron vessel 
freezes it. Cold applied to coconut oil in a glas'^ 
bottle freezes it. Therefore cold is the cause of 
freezing. 

(^_) cn a clear night a sheet or any other 
covering be stretched a foot or two above the earth, 
so as to'sereen the ground'below from the open sky' 
dew will be found on .the grass , around' the screen 
but not beneath it. The open sky therefore must 
be an indispensable antecedent of dew. 
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(c) Water is jointly conveyed into a tank I>v 

three pipes of unequal size at the rate of 10 gallon’s 
per minute. It is known that the first two piper. 
Together admit water at the rate of 7 gallons })e?- 
minute. Therefore the amount of water admittofi 
by tho third pipe is at the rate of 3 gallons per 
minute. ^ 

(d) The retention of an idea in memory 
becomes more tenacious with the frequency of its 
repetition and the incensed attention paid to it. The 
retention of an idea in memorj’" depends therefore 
on attention and repetition. 

24. What do you understand by the experi- 
mental methods ? Why are they so called ? Indi- 
cate the use of each. 

25. Why is the Method of Difference applicable 
only^ to the spheres where' experiment can be 
applied ? 


26. Name the Experimental Methods on which 
each of the following arguments is based, givine 
your reasons 

(a) Two small pieces of blanket, exactly alike 
in all respects except that one is coloured white and 
the other black, are placed on a block of ice After 
a certain time it is found that the black piece has 
sunk deeper into the ice than the white one. There- 
fore it IS concluded that black absorbes more heaf 
than white. 

(b) A large number of birds have been exami- 
ned and found to be without teeth. Therefore it 
is inferred that all birds are without teeth. 


(c) A nation becomes more prosperous as it 
developes in an increasing measure habits of 
industry and prudence. 

Sunday morning in a poor country 
parish there appears the surprising phenomenon of 
a half sovereign in the efiertory ; the clergyman 
knows by repeated experience that none of his flock 



262 


LOGIC 


ever by any chance gives more than a silvei- three 
5 but he has perceived a stranger in 
the congregation, and therefore he. concludes that 
he is the donor of the half sovereign. 

(e) Intermittent fever is found only in places 
where there are marshes, even though they differ 
in every respect. 

(f) Able men have generally very bad hand- 
writing, while good hand-writing is frequently' 
found in men^ &)ing comparatively little mental 
work. Hence it is inferred that ..mental strain is 
the cause of poor penmanship, 

(g) Both mosquitoes and cases of malarial fever 
have, in certain parts in Italy, in West Africa and 
elsewhere, become much rarer since these districts 
have been well drained. Is malarial fever the effect 
of the presence of mosquitoes ? 

26. Discuss the principle underlying the 
Method of Difference. Give a concrete example. 
Show how far multiplicity of instances increases the 
probability of induction, so far as the Method ' of 
Agreement is concerned. 



CHAPTER VIII 

ANALOGY. 

1. The Meaning of Analogy. Analogy is 
n probable reasoning in which we proceed from one 
particular object to another particular on the 
strength of similarity. As for instance we find that 
the planet Mars resembles the earth with regard to 
land, water, and atmosphere, and so by Analogy 
we conclude that the Mars is also inhabited like the 
earth. Symbolically we can illustrate analogy in 
the following manner ; — If B resembles A with 
regard to the attributes xyz and if we know alreadj- 
t.hat A possesses the attribute p then by analogy 
we can infer that B also possesses the attribute p. 

Carveth Read has defined Analogy as “a kind of 
probable proof based on the imperfect similarity 
(as the best that can be discovered) between the 
data of comparison and the subject of our inference.” 
From this definition it is clear that Analogy estab- 
lishes probable conclusion and cannot give us 
rational certainty. Hence we conclude that Ana- 
logy is no proof. It is a method of discovery as it 
suggests good hypotheses in order to be proved 
later on by the experimental methods. We also 
notice that Analogy is grounded- on imperfect simi- 
larity and not on- essential similarity which is 
grounded on causation. It is popularly believed 
that things which are similar in some respects are 


Illustration 
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also similar in others. This is a popular version of 
the Uniformity of Nature and Analogy is grounded 
on this popular principle. For this reason it some- 
times establishes disastrous conclusions. When 
we find that two boys come from the same village, 
have the same age, same religion, same ca,ste and 
height, read in the same class, and reside in the 
same hostel, and if one of them be found to be 
intelligent then by Analogy we can argue that the 
other is also intelligent. But we know that this 
ai'gument is entirely fallacious because the points of 
similarity are superficial in nature and are not 
relevant to intelligence. Hence in applying Analogy 
we should not simply count the points of similarity 
but wti should weigh them, i.e., we should see 
whether they are essential and are relevant to the 
subject matter of inference. 

Analogy has been defined by Whately as the 
resemblance of ratios or relations. Aristotle defines 
it as the equality of ratios, analogical reasoning 
can be expressed mathematically in the form of the 
equality of ratios, i.e., in the form of proportion, 
e g., Health : Body : ; Vii-tue ; Soul In other 
words on account of this resemblance we can infer 
that just as health perfects the body so virtue also 
perfects the soul.' Similarly Father : Family : : King : 
Subject. So by Analogy we can infer that just as 
the members of the family are morally bound to 
obey the com maiads of the father so the subjects 
are also morally bound to follow tile comhaands of 
the king. The' logical value of this 'sort of ar^ment 
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iV' almost nothing as it is ba'^cd upon inessential 
"imilaritj and as it does not consider au}' causal 
relation between the objects that are related to - one 
another in the form of pro])ortion, 

2. The Conditions on which the value or the 
strength of Analogy depends. The Analogical 
argument is grounded on the resemblance between 
the data of comparison and the subject of our 
inference. So the value or the strength of Analogy 
<lepends necessarily on the nature of similarity on 
which it is grounded and the relevancy of these 
ixiints of similarity to the subject matter of inference. 
J he more these points of resemblance ajiproach the 
causal basis the more , becomes the value and strength 
of analogy. - - One’s caste, ■ religion, height, etc., 
have hardly any connection with his intelligence, 
hence it is bad analogy to argue that a person is 
intelligent because he has the height, caste, and 
leligion of Sir Ashutosh. But land, water, and 
atmosphere are essentially connected with the 
existence of life, and so the iana'lo^cal argument 
that, the- Mars is inhabited .like the earth as it 
resembles the earth with regard to land, water, 
and atmosphere is an instance of good analogy. 
Hence in ascertaining the value or strength of 
analogy we, should not simply count the points of 
resemblance . but., .we should weigh them. ,When 
two objects, differ fundamentally or when ,our know- 
ledge about them is meagre it, is idle , to extend the. 
truth detected in one of them to the other. Human 
body is fundamentally difiPerenk from a rope 'and so 
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if we argue analogically that the human body will 
last longer if it be kept always drj' like a rope then 
we shall commit a great blunder From what has 
been said above the following principles or condi- 
tions have been deduced for determining the value 
or strength of Analogy. 

(i) The greater the mimber and importance of 
the points of similarity the more is the value of 
the conclusion estahlished hy anal^^gy. 


(ii) The greater the vumher and importance 
of the points of difference the less is the value of the 
conclusion estahlished by analogy. 

(hi) The greater the number and importance 
of the unhnown properties of the subject of our 
inference the less is the value of the conclusion 
established by analogy. 


;VualoK.y and 
Indiiorion. 


All these conditions have been expressed by the 

following formula ; — 

_ . „ , , Resemblance 

Strong o im Ogy= pjffQi-gnce-l-Unknown properties 

In this connection we should remember that 
Analog)" does not pretend to establish rational 
certainty and that it is not grounded on the law ' of 
causation. - 

3. The Value of Analogy. In Analogy Ave 

take into cotisidefation only' the quantity of likeness 
that one' phenomenon bears to another irrespective 
ofdts im^rtance and consequently we can get only 
probable -truth by analogical argument, whereas 
in Induction we base our argument 'upon the 
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fharacter and definiteness of the points of likeness 
found in the data of our inference and direct our 
attention to the inner essence of the data in question. 

It is for this reason that in Induetion our argument 
goes beyond the domain of probability and establi- 
s^hes conclusions of which we are rationally certain. 
No causal relation is ascertained in Analogy and 
also no such importance is placed upon the character 
.md definiteness of the points of likeness as m 
Induction, 

It is for this reason analogical argument is very 
shallow and uncertain. It is neither used in impor- 
tant deliberation nor in scientific research. It is 
also for this reason in Logic which is a science of 
truth Analogy has hardly gob any value of its own. 
It rather misleads us from the path of truth and 

science, and prompts us to take a conclusion to be 
true when we ought to think it only probable. So 

as a mode of proof Analogy may be neglected. 

But in another way Analogj^ has its use In 
Science and Logic. It helps us in getting at pro- 
bable hypothesis which will explain a phenomenon 
under investigation. Rival hypotheses are also 
suggested, by analogical argument. This is due 
to the fact that analogy is based on similarity. But 
here we may note that the .value of Analogy as a 
suggestive ■ force is Psychological . and .not logical. 
From the standpoint of Psychology , it is very easy 
for us to see that .the value of analogy is very great 
as most of our arguments of every day life are based 
upon analogy. When a ' person runs away from a 
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■water snake he argues by analogy. He takes for 
granted that things alike in some respects are alike 
in others and infers that the water snake is veno 
inoii.s. Similarly when a lunip of chalk is presented 
to a child ho puts it in his mouth arguing by ana- 
logy that it is white like a lump of sugar and so ir 
must be sweet. 


As a Method 
of discovery 
Ajialogy is 
lilghlv use- 
ful ‘ 


ni'oat disco- 
veries have 
been made 
by analogy. 


Place of 
Analogy in 
Induction. 


Now as analog}' suggests hypothesis’ and as udth 
the help of hypothesis we make our discoveries so 
as a mode of discovery Analogy plays a very impor- 
tant part in Logic which as a science has to discover 
the laws of nature and to prove them,’ The mines 
of Australia and America, the volcanoes and petro- 
leum mines all over the world have been discovered 
by analogical inference based upon the similarity 
of the land surface, craters, etc. 

Induction cannot proceed a single step without 
hypothesis and Analogy^ does a great service to 
Induction by supplying us with hypothesis. The 
application of the experimental methods is possible 
when we are able to gather .suitable facts in the 
light of good hypothesis. Hence Analog}' by giving 
us good hypotheses enables us to apply the experi- 
mental methods. Therefore Analogy is very useful 
in Logic even though it is not a method of proof. 

4. Analogy and Induction. In Induction we 
};rcceed from a number of particulars to a universal 
real proposition or a law of- nature whereas in' ana- 
logy we proceed irom one individual’ object to ano- 
ther individual. 

Induction' establishes material truth. Analogy also 
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(rie-s to establish material truth but the conclusion 
established by analogy is probable in natui-e whereas 
the conclusion arrived at by Induction is rationally 
certain and is rehable. This is on account of the 
fact that Induction is grounded on the Law of Cau- 

ation vhile Analog}’’ is grounded on imiierfect 
similarity. 

Like Induction Analogy is a form of mediate 
inference and is grounded on observation and in 
both of them we proceed from the known to the 
miknown. But the degi-ee of carefulness required 
m Induction and- the careful analysis of the circums- 
tances in which a phenomenon under investigation 
occurs are not to be found in analogical argument. 

But analogical argument can be very easily 
transformed into an inductive inference by showing 
that there is a causal relation between the points of 
similarity and the subject , of our inference. The 
analogical argument' that like A, B possesses p 
because it resembles A with respect to x, -y, and z 
can be transformed into induction by' showing that 
tJiere is a causal connection between x y z or 

some of them on the one hand and' .p on the oilier. 

j^^imilarly,if we can establish a/causal connection 
between land, water, and atmosphere on the one 
hand and the existence o'f human 'beings on tlie 
otier then at once, the analogical-argument that the 
i^^ars 18 inhabited like the earth as it resembles' the 
earth with respect to" land, water, and atmosphere 
will be, converted into an inductiW argument. ' ' 

An Analogical argument supposes a generahVa- 
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lion from a single instance without developing it 
Or proving it by the experimental methods, and the 
analogical conclusion is really deduced • from this, 
implicit generalisation. The above mentioned 
argument really involves two arguments of Avhich 
one is inductive in nature and the other is deduc- 
tive. We first of all observe that the earth has 
land, water, and atmosphere and is inhabited. At 
once we make a hasty generalisation that all planets 
having land, water, and atmosphere are inhabited. 
Using this as the major premise and the proposition 
that the mars has land, water, and atmosphere 
as the minor premise we arrive at the conclusion 
that the mars is also inhabited, 'I’hus analogy 
really involves within it both induction and deduc- 
tion though it pretends to proceed from one parti- 
cular to another particular. It should be noted 
here that the generalisation involved in analogy 
contains the further faliac}* of co-existence viewed 
as causation. 

5. Analogy and Deduction. Both of them 
are processes of mediate inference and both of them 
rest upon the principle that things alike in some 
respects are alike in others. But Deduction is 
based .upon 'perfect similarity whereas Analogy is 
grounded on imperfect similarity. But there are 
also points of difference between them. In Deduc- 
tion we pass from the universal to the particular 
i.e., from all to some, or from more general to a 
less general proposition, whereas in Analogy we 
pass from one particular to another particular. In 
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Deduction our aim is to establish foi'mal consistency 
or truth -whereas our aim in Analog)' is material 
truth. 

Here we may note that an analogical argument 
has a close resemblance to that form of deducthe 
reasoning which we call Enthymeme of the first 
order in which the major premise of the syllogism 
is suppressed. Thus when we argue that brutes 
have understanding as they like men posse.ss sense 
organs we surely proceed by analogy. But if this 
reasoning be clearly stated we find that it may take 
either of these two forms (i) All beings having 
understanding possess sense organs ; the brutes 
])ossess sense organs ; therefore the brutes possess 
understanding. This is surely fallacious as 
the middle term is not distributed, (ii) All 
^ beings possessing sense organs have understanding ; 
the brutes are beings possessing sense organs ; 
therefore the brutes have understanding. In this 
form the reasoning becomes formally correct. AiiaTogv 
seems to suggest the second form of enthymeme 
rather that the first. 

Now in deductive reasoning we take for granted 
that the major premise is an established truth, 
whereas in Analogy we rush up to the major premi.se 
from' one individual instance or from only a few 
instances. In the illustration mentioned above 
we start from our understanding and observe 
that we possess sense organs. From.' this we' at 
once unduly take for granted that living' beings pds^ 
.sessing sense organs have understanding. Similarly 
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in T.he analogical argument that the Mars is 
inhnhits<l hv ])eople like ourselves we take lor 
grant(‘d that ail planets possessing land, water, and 
atmosphere are inhabited without caring to know 
whether it is a proposition thoroughly established. 
'Phus Analogy involves hasty generalisation and 
deduction, and is not a new form of argument 
as it seems to be, 

G. Fallacy in Analogy. When Analogy is 
based on flimsy or su])orficial points of similaritv 
totally irrelevant to the subject matter of our in- 
ference then analogy becomes fallacious. Such an 
analogy is called by the name bad analogy. As for 
instance the Head Pandit and the Head JPaster 
have ‘head’ in their names. Therefore for free 
studentship we should apply to the head pandit 
just as we apply to the head master. Similarly we 
advance bad analogy when argue that we must, 
keep our body always and must not take any 
bath because a rope which is kept ahvaj’s dry lasts 
longer than a rope which is made alternately dry 
and cold. Similar!}' it is bad analogy to say that 
after taking a very hot both we should take a very 
cold bath because iron becomes converted into 
steel when making it extremely hot we give it an 
extremely cold bath. Similarly we have bad ana- 
logy ^ when we argue that nations, communities, 
races, and culture pass through the three stages of 
growth, vigour, and decay just like an individual. 
Again, the. increased size of the metropolis is a 
disease because the increased size of the heart'’ is n 
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disease and every one knows that the metropolis is 
the heart of the kingdom. This is also a bad analogy 
because the points of difference between heart and 
the metropolis are too many and fundamental. We 
have bad analogy whenever there is fundamental 
difference between the data of comparison and the 
subject of our inference. It is also a ■ fallacj^ to 
•'stablish an assertorj’ proposition b}’^ analogy, because 
such an argument establishes onlj- probable con- 
clusions. 


7. ' Exercises, 

1. Define and illustrate Analogic What is 
the evidentiary value of such a reasoning ? 

2. Is Analog}^ different from induction ? and 
deduction or does it involve both of them ? 

3. Show how an analogical ai-gument can be con- 
verted into an inductive argument, 

• 4, Show the resemblance between an analogi- 

cal argument and an Enth 5 ’-meme of the first order. 

5. Is Analogy a method of proof or a method 
of discovery ? 

6. Show how we are to measure ' the strength 
of an . analogical argument, 

7. Explain ' the relation between (i) Analogy 
and Induction,' arid (ii) Analogy 'and Deduction. 

8. How and why do we reason by Analogy ? 

9., What, conditions should an analogical argu- 
ment fulfil in' order to ' be corivincing ? Discuss by 
meaiis of examples. How does it fall short of 
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CHAPTER IX 
The Deductive Methods. 


of DediiL,'- 
tioii 


f;i) .Sini])k‘ 


(b) Complex. 


1. The Nature of the Deductive Method. 

The nature of the Deductive method can be gather- 
ed from the Dictum de oiimi et nullo which la}’.? 
down the fundamental princqDlo of deduction. It 
means “AVhatsver is predicated ^affirmatively or 
negatively) of a class distributed, in which term 
another is given as (partly or wholly') included, may 
be predicated in like manner (part or all) of the 
latter term”. From this it is clear that the deduc- 
tive method requires some general tnith either 
given to be true or assumed or established fully 
by induction. The conclusion of a deductive reason- 
ing remains doubtful if the general proposition 
from which we start is only given to be true or is 
} k,sumed to be true. In order to be con- 
clusive the general proposition must be established 
by induction or must be axiomatic for it is on the 
authority of this proposition our deductive conclu- 
sion is mainly based. When we simply extend a 
previous induction to a new instance the process 
will be simple, e.g., when we -extend the. inductive 
truth,— All men are mortal to the case of Ram by 
showing that Ram is a man, we .follow the simple 
deductive method. But when we combine two or 
more previous inductions in order to deduce some 
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complex phenomena or relations our deduction be- 
comes complex, e.g., our explanation of the rise of 
water in the common pump. 

Thus we have two kinds of deductive methods, 
viz., simple and complex. We have simple deduc- 
tion in the syllogistic reasoning and also in the 
verification of hypothesis. In the syllogistic form 
of simple deduction our aim is to establish formal 
truth and not material truth. In the Complex 
Deductive Method on the other hand we have 
a number of laws and deduction from these Jaws 
together with the comparison of this deduced truth 
with the facts and phenomena occurring in nature. 

The aim of this Complex Deductive Method is the 
establishment of material truth and for this reason 
observation plays an important part in it. But 
in one of the Complex deductive methods obser- 
vation is considered to be unnecessary while in the TJie pluuu of 

remaining two we establish the calculated result Sflie Com- 

by observaLion or the result of observation is estab- 

1* 1 1 1 IT • rr.1 . tire Mothocl 

Jished by deduction. Thus in one of these methods 

observation comes at the very beginning while in the 
other it comes at the end. But in the last complex 
deductive method observation ■ is thought to be 
unnecessary. In the Inductive Logic we are con- 
cerned with these Complex Deductive. Methods. 

These Methods are also called Deduction in In- 
duction. 

2. Where are these Methods applicable ? 

In order to establish a law of caustion or a law 
of nature we are are required to apply the 
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Experimental Methods. These methods require tlie 
analysis of the phenomenon under investigation and 
the circumstances in the midst of which it occurs 
into their elementary factors. Besides the instan- 
ces of this phenomenon should agree either in only 
one point or differ only in one point. But in 
practical investigation we generally come across 
such complex phenomena that we cannot ana- 
lyse them into their elementary factors, and 
the instances of these phenomena are found to 
agree in more points than one and differ in 
more points than one. So to these phenomena 
we cannot strictly apply the Experimental Meth- 
ods, Besides we find frequently homogeneous and 
heteropathic intermixture of effects and also the 
plurality of causes which cannot be removed by 
the specialisation of the effect and the generalisa- 
tion of the causes. For this reason the applica- 
tion of the experimental methods becomes almost 
impossible in our practical investigation. But the 
experimental methods should not be rejected for 
this reason. rThey represent in fact the ideal 
methods of inductive reasoning to which we should 
try to approach though we fail to rise up to their 
standard. 

Now the ( 'omplex deductive methods are ordi- 
narily applied when there is homogeneous inter- 
mixture of effects. These are also applied to cases 
where there is the possibility of plurality of causes. 
Some logicians maintain that the experimental 
methods are applicable when there is a hetero- 
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patlnc intermixLure of effects because such an 
intermixture changes the objects or phenomena 
qualitatively. But this view is not correct because 
the heteropathic intermixture represents a higher 
form of intermixture and if the experimental meth- 
ods be not applicable to the homogeneous inter- 
mixture of effects, it follwos necessarily that these 
are not applicable to the higher form of intermixture 
as represented by the heteropathic intermixture. 

It should be noted in this connection that 
the word ‘induction’ was originally used in the 
sense of simple enumerative induction which is 
based on uncontradicted experience and not on 
the law of causation. For a long time such an 
argument was not treated as a logical argument 
for its evidentiary value is really very small. But 
now-a-days we do not mean by induction simple 
'enumerative induction but a generalisation ground- 
ed On the law of causation and the uniformity 
of nature, and the experimental methods deduced 
from them. Hence the modern inductive method 
contains within it a considerable amount of deduc- 
tive element. But in the original induction no 
deductive element was present. The methods 
known as the complex deductive method or Deduc- 
tion in Induction tell us that the most reliable con- 
clusion can be arrived at when the results of induc- 
tion are verified by deduction or the results of 
deduction are grounded on the conclusion of induc- 
tion. Therefore in our practical investigation we 
should appl}- both deduction and induction 
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ill ordor to establish a reliable conclusion. 
But as a matter of fact this is what is done in the 
modern inductive investigation as recjuired by the 
exjicrimcntal methods. In induction we generally 
form a hypothesis and deduce conclusions from 
this hypothesis, and then compare these conclu- 
sions with the facts and phenomena occurring in 
nature. This comparison is c.-dlcd by the name veri- 
fication . which is a deductive process. AVe are 
also required to prove the hypothesis with the- help 
of the experimental methods, i.e., we arc required 
to show whether the hypothesis in question can be 
deduced from these methods. Hence the Coirqilex 
deductive methods do not give us an}- new message 
and do not tell us anything which is not given 
by the experimental methods and the method of 
hypothesis. Hence the efficacj^ of the -complex 
deductive methods comes in when we use induction 
in the sense of simple enumerative induction. 

8. Conditions of Deductive Methods. The 
Deductive method contains within it three 
steps ; — 

(i) . The Ascertainment of premises by imhic- 
i%on or observation. The .major premise is to be 
established bj^ induction and the minor jiremise 
by observation, experiment or induction. 

(ii) Ratiocination ' or deduction - proper by 
which we combine the premises so as to ascertain 
Avhat conclusion we can draw from their co-opera- 
tion, e.g;, from the law of gravitation, the atmos- 
pheric pressure, the distribution of forces in a 
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liquid, and the laws of friction we conclude deduc- 
tively how far water will rise in a common pump. 

(iii). Verification, i.e., the comparison of our 
conclusion with the existing facts of nature in order 
to determine finally whether there is any flaw in 
our premises or deduction. When there is some 
error in the process of deduction we can correct 
it by a critical examination of the process. But 
when there is error in the premises we should see 
whether any relevant premise has been left out or 
some irrelevant ones have been included. There 
might be also some error in the laws used as the 
premises. 

Hence the application of the deductive methods 
depends on the following conditions : — 

(a) Certain agents or causes producing the 
complex phenomenon to .be explained by the 
deductive methods. 

(b) The law of operation of these agents 
already established by induction, either scientific 
or simple enumerative. 

(c) The circumstances in the midst of which 
these agents operate. 

(d) Calculation^ ■ ratiocination, computation, 
or deduction of a complex result from the operating 
agents and circumstances and their laws. 

(d) ' Comparison of this calculated result with 
the facts and phenomena occurring in nature, i e., 
verification. 

If any one of the factors be wanting the complex 
deductive method cannot be applied accurately. 
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But obsei’vation -which is one of the most important 
factors is not thought to he necessary in one of the 
complex deductive methods. But there is no harm 
if -we verify our calculated results with the help 
of observation even in that method. In one of 
these deductive methods the agents are not known 
or are partly known. But undoubtedly these 
agents are in the background even when they are 
not known because without them the coraple.x 
phenomenon to be e.xplained by the deductive 
methods cannot take place. Therefore whether 
known or unknown, used or unused these factors 
are there whenever we consider complex phenoinena 
by the deductive methods. All these factors oi- 
conditions have been brought under three heads, 
viz., (1) agents together with their law.s, (2) compu- 
tation, (3) and verification, 

4. Kinds of the Complex Deductive 
Method. 

There are three hinds of the complex deductive 
method, vk., (1) The Direct or the Physical 
Method, which is widely used in the physical 
sciences and in higher mathematics ; (2) The 
inverse or the Historical Method which is 
widely used in History, Sociology, Politics, and even 
in the physical sciences where quantitative relation 
is the main subject matter of investigation ' (3) The 
Geometrical , Method or the Absolute or the 
Abstract Method which is used in' liigher mathema- 
tics and also in metaphysics, politics, and sociology. 

These methods have no rigid scopes of their own and 



INDUCTION 


283 


the}' are freel}’ used in those spheres for which they 
were not originally meant. 

5. The Direct or the Physical Method. 

This method consists in deducing a complex 
conclusion from a number of agents and laws 
Already established by induction and then establish- 
ing this deduced conclusion by means of verification, 
i. e., by comparing the calculated result with the 
facts and phenomena occurring in nature. If the 
calculated result be in harmony with the facts and 
phenomena occurring in nature then the complex 
phenomenon under investigation is said to be explain- 
ed by the agents and laws from wliich the calcula- 
ted result has been deduced. Thus this method 
contains the following factors (1) the agents and 
laws already established. In some cases when 
established laws are not available some hypotheses 
as to the agents and laws are formed. (2) Calcula- 
tion or deduction, and (3) Verification. Here the 
result of deduction • is established by verification, 
and deduction is applied directly at the very begin- 
ning. For this reason this method is called the 
Direct method. It is called the Physical Method 
because it is widely used in the physical sciences 
and in higher mathematics. 

Illustrations : — An ordinary pump by which 
water is supplied in a particular , town is subject 
to the operation of . the ..following agents . and 
circumstances :—-(i) - the pressure of the atmos- 
phere, (ii) gravity, (iii) friction, (iv) the Jaw 
that a liquid keeps the same level, and (v) the 
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law of the distribution of forces in a liquid. From 
these agents and laws we can calculate mathe- 
matically how far water will rise in the pump. 
Suppose we calculate that at Monghyr water will 
nse up to 28 feet and if we actually find by obser- 
vation that water rises exactly up to that height 
and no further then our explanation as to the rise 
of water in the common pump at Monghyr is 
correct. Similarly when a cannon is fired we rnay 
tiy to explain how far the ball will go. Now the 
cannon ball is subject to the following agents 
(1) forces generated by the exp osion of gun powder 
in a closed chamber, (ii) gravity, and (ii) the resis- 
tance of the air. If we know the force generated 
by the explosion, the effect of gravity on the ball 
and the actual resistance of the air then we can 
mathematically calculate at what distance the 
cannon ball will hit the ground and to what height 
it will reach. If the calculated distance and the 
height be found to be in agreement with the 
actual distance travelled and the actual height 
r^ched by the cannon ball then our explanation 
should he treated as correct. 

This method can be applied only when the 
operating agents and their laws are knwon, e.g. 
if we happen to be ignorant of the force generated 
by the explosion of gun powder it Avill not be 
possible for us to apply this method. 

6. Tht Inrerse or the Historical Method. 

This method consists in observing first of all a 
number of facts and than establishing a law by 
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sitnple enumerative induction, and lastly proving 
this law by deducing, it either from some nlread}* 
established induction or from some axiomatic princi- 
ples. Thus the method contains the following 
factors 

(i) observation of particular facts, 

(ii) establishment of a law by simple enumera- 
tive induction, and 

(iii) deduction of this law from some already 
established induction or some axiomatic principles. 

This method is called the Inverse Method because 
we first of all start with observation and establish a 
law by induction and again establish this inductive 
conclusion by deduction. Thus the result of in- 
duction is proved by deduction, and so this method 
is called the inverse method as opposed to the direct 
method where the result of deduction is proved by 
observation an important factor of induction. The 
inverse method is called the Historical method 
because it is widely used in the historical sciences, 
e. g , history, economics, politics and sociology. It 
is also widely used in the jxisitive sciences and is 
identical with the modern hypothetical method. It is 
generally applied in those cases where the operating 
agents or conditions are unknown or partly known. 

Illustrations. (1) We find that the jieasant 
proprietors of .the different countries of the world 
are very economical in their habits. We examine 
the peasant proprietors .of Australia, America, Africa, 
Italy, Russia, and India, and find that they are all 
economical in their habits. Thu^ we establish by 
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simple enumerative induction that all peasant pro- 
prietors are economical in their habits. But this sim- 
ple enumerative induction cannot be reliable as it 
gives us probable conclusion. So in order to be 
sure we tiy to deduce it from some already establish- 
ed induction or from some axiomatic j)i'inciple 
We find in economics the law that money earned 
b}’^ one’s own physical labour are always spent very 
economically and carefully, The peasant j^roprie- 
tors also earn money by their own ph3’sical labour. 
Therefore we deduce the empirical law already 
established by us from this axiomatic principle of 
Economics and then and then only we become sure 
of our conclusion. 

(2) We -observe a number of instances in 
which the eastern Avind blows ov^er Belgium and 

Ave find that in every case people fall ill whenever 
this wind bloAA’^s. , Therefore by simple enumera- 
tive induction Ave draAv the conclusion that the 

eastern Avind is injurious to the people of Belgium. 
But AA’-e cannot rely on it as it has been established 
by simple enumerative induction. So it requires 
further proof. We find bj’- analj’^sis and closer 
examination that the eastern wind of Belgium blows 
over the Avhole of Siberia, Russia, Northern 

Germany, and as such it carries along with .it all 
the foul gasses of this ■ vast land region. In other 
Avords it is a ground current and contains poisonous 
gasses. It has been already established by the 
positive sciences that the poisonous air is injurious 
to our health. From this laAv Ave now stabliseh 
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by deduction that the eastern wind tliat blows over 
Bedgium must be injurious to the people of Belgium. 

7. The Geometrical Method, the Absolute 
or the Abstract Method 
■ • ^^^®tbod consists in deducing a complex 

conclusion from a number of axiomatic principles. 
In it there is no necessity for verification because 
the premises are the axiomatic principles and the 
process of reasoning is deductive. Hence this me- 
thod establishes necessary truths while the other 
methods establish experimental truth or assertory 
truth. When the initial velocity and acceleration 
of a rigid body is known, then by this method we 
can calculate the greatest height that this body 
will reach. Here we feel no necessity for verifica- 
tion. Similarly in politics when we deduce a con- 
clusion from the fundamental rights of man we 
require no verification, e.g, when we conclude that 
the flood stricken people must be saved by the 
Government without any delay because every one 
has the right to live and human lives should not 
be allowed to be destroyed, we apply this geometri- 
cal method. Similarly in Economics many complex 
conclusions are deduced from the fundamental laws 
of demand and supply and we repuire no verifica- 
tion for them. This method is called the Geome 
trical method as it is widely used in the geometri- 
cal and mathematical sciences where no verification 
is necessary, and yet the conclusion is absolute Jj' 
true. This method seems to be identical with the 
^ ordinary syllogistic method but it is not so because 
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this method establishes material truth ^and in it 
a conclusion is deduced from a number of axiomatic 
principles. 

8. Place of the Deductive Method. This 
is identical with the problem whether induction 
precedes deduction or deduction precedes induction. 
We have already found in f'h. 1 Sec. 5 that 
there is a relation of interdependence between 
deduction and induction and so it is not proper 
for us to say that one of them precedes the other. 
We have seen already that the modern process 
of induction involves a considerable amount ol 
deductive element and the validity of the inductive 
conclusion depends on this deductive element. 
Hence though it appears that induction precedes 
deduction yet scientifically and actually deduction 
precedes induction. 

9. Uae or Function of the Deductive 
Method. The fundamental function of the Deduc- 
tive Method is to explain the facts and phenomena 
which are too complicated to be explained b}”- the 
experimental methods. These methods can help 
us A'^ery little when we have composition of causes 
and the intermi.xture of effects. It is by the 
complex deductive methods that we generally ex- 
plain such phenomena. 

The second use of deduction is to prove an 
already established induction beyond any doubt 
b}’- extending it to those faicts and' phenomena 
Avhich were not- previously examined by us. The 
gi’eatest function of deduction is to 'suppl;f the 
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jiroof )3Drtion of induction which makes ihducfcire 
reasoning, reliable; 

Induction , and deduction being interdependent 
we must supplement the one , hy the other if we 
want to establish a conclusion beyond anj-- dispute. 
^I’o depend upon the empirical method like induction 
^simple enumorative induction) alone is precarious 
while to depend on a purely theoretical method like 
<leduction is no less uncertain, as without the help 
■jf induction we cannot; be sure of the premises of 
deduction. Thus for the establishment of .concrete 
truths, we must combine both the processus of 
deduction and induction, 

10. Inductive and Deductive Sciences. 

Induction .and Deduction being interdependent it 
IS hardly possible to classify sciences logically into 
inductive- and , deductive sciences; Moreover a 
science which is inductive at the first stage becomes 
deductive when it becomes developed to a certain 
extent.^ From this it is clear that induction and 
deduction mark the two stages of seientific develop- 
ment. Therefore we can classify sciences as indue 

-the • predominance 
of the inductive or the deductive method of reasonincr. 
Also the sciences in which we apply the physical or 
bhe .direct deductive method are called deductive ■' 
and those in. which the- historical or the' inverse 
method is, ■ applied . - are • called ■ indubtive. The ' ' 
sciences which are .based upon observation or experi-' - 
ment or both .such as .Geology, -Botany, Physics- 
.chemistry. History may be called inductive, while 
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those that are based on theoretical calculation or 
explanation such as Mathematics, Mechanics, Econo- 
mics, Sociology are called deductive. The aspect 
of fact generally predominates when the science is 
in its elementary siaga, whereas the .aspect of 
explanation predominates as it becomes developed, 
i. e., when some laws and principles have been estab- 
lished by the inductive process. 

11 The Actual Method of Scientific 

Progress. The aim of science is to establish the 
truth that the facts and phenomena of this universe 
are all correlated with one another and are governed 
by one pervading law or principle or a system of 
correlated laws. Now in order to achieve this aim 
the scientists divide the world system into several 
convenient departments and confine their investi- 
gation to these departments separately, otherwise 
the immensity of the world would have baffled any 
attempt at explanation. It is aftef* a considerable 
amount of progress that the scientists determine ' 
the relation that exists between the truths found 'in 
the, different departments of the universe as well 
as. between the departments themselves and thus ' 
arrive at a scientific conception of the world system 
as a whole. Now in each of these departments' of ' 
nature the scientists first of all gather facts 'by 
ob,3ervation and experiment, determine their nature, ‘ 
frame h5^otheses as to their causes and modes of 
operation and draw empirical generalisations out of 
these facts Then they establish ' these laws by 
means of extensive verification and the experimental 
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methods. These laws again are generalised into 
liigher and higher laws and lastly these laws are 
correlated into a system. The ne.^t step is the 
correlation of one system of laws with other system 
of laws. This is more oorrectlj’^ the business of the 
philosophers and not of the scientists. In this -way 
ths scientists arrive at an idea of the world as a 
sj'stem.of laws. In all these- -.stages the scientists 
move from facts to principles or laws and from lower 
principles or laws to higher ones ; So the progress 
is inductive. But along with this we have the 
stage of explanation which is deductive in nature. 
Here by observation and experiment we show that 
the new facts and phenomena observed by us can be 
deduced from the already -established known truths 
and laws. This may also be called the stage of 
verification as we see here whether the new facts 
prove our inductive conclusions. 

Thus we see that the true method of scientific 
progress is the logical enqufry which involves both 
deduction and induction. But we should note ,that 
at the initial stage science is mainly .inductive in 
method but with its , advancement it becomes . more 
and more deductive as new problems ;nnd facts are 
deduced from the laws established beforehand. 

We_ should also note that most of the facts 
generalised in science are highly complicated in 
nature and so the pure -inductive methods can hardly 
be applied to them. In, all such -cases the mixed 
method which combines both induction and deduc-! 
tion is generally applied. Besides some universal 
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laws are supposed in all our investigation. So it is 
VTong to hold that at one particular stag’e our 
method is pureh- inductive or purely deductive. 
Hence the proposition that in scientific progress we 
proceed from induction to deduction is to he taken 
with some reservation. It is on accbuiit of the 
predominance of induction that the initial stage of 
a science is called inductive while on account of the 
predominance of deduction that the advanced ' stage 
of a science is called deductive, < • 


12. EKercises. 

1. Explain and illustrate the. various forms 
of the Complex Deductive Methods. . Where are 
they applicable ? 

2. Explain the nature of the Deducti-ve Me- 
thods. Distinguish between the Complex and the 
Simple Deductive Methods. 

3. On what conditions does the application 
of the ' Complex Methods depend ? What part 
does verification play in all these methods ? 

, 4. Distinguish between the Historical and the 
Physical Method. Why are they so called ? Where 
are they applicable ? 

5. Explain and illustrate the Inverse Method. 
Where is it applicable ? Why is it so called ? Is 
it different from the Hypothetical Method ?■ 

i 6. Explain and illustrate' the Geoihetrical Me- 
thod. Why does it neglect verification ? How' 


1 


. i ' 
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rioes it differ from the ordinary syllogistic reasoning ? 

7 . Explain clearly the function of the Deduc- 
tive Methods. 

_ 8. Give a critical estimate of the division of 
sciences into Deductive .and inductive. 

8. Give a critical estimate of the method gradu- 

sfl hy the positive sciences in achievintj 
their goal. ‘ ° 

Anahse the Method hnown as Deduction in 
Induction Give some examples of the application 
of this method. Shoiv hoiv this method is to be 
fiisting^ished from syJJogism* 

Af ®^'PJain ivhat you mean by the Historical 
iMethod. Shmv hmv it differs from the Direct De- 
ductive Method. 

^2. What is meant by Deductive and ivhat 
by an Inductive science ? State the principal Deduc- 
tive and the principal Inductive sciences explaining 
m the case of each of these sciences, why it is called 
Deductive or Inductive. 

13. When is the Deductive Method employed 
m foductive investigation ? Distinguish between 
tlie Direct and the Inverse forms of this Method. 

14. Explain the Deductive Method in Induction. 

Ir a correct deduction from given inductions does 
not agree with fucts, what may be the possible 
source of error ? . . i 
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Chance and the Doctrine of Probability. 
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1. Chance. When a student commits a mis- 
take in spelling an ordinary word he says, “Oh! I 
did it by chance”. He kney^ the spelling, yet he 
spelt it in the wrong Avay. He cannot explain how 
he did it, so he says he did it by chance. Similar 
is the case with chance witnesses e. g. P says that 
he was present when A paid Rs. 1000 to B. He 
was not called to the place of payment by anyone 
but he happened to be there at that particular (mo- 
ment — he might have beeii at an}- other place at 
that moment. So he says that he was there by 
chance. . 

Now this chance was . once supposed to be “a 
distinct power in the world disturbing the regu-^ 
larity of nature.” But this view of chance is no^ 
accepted nowadays. Everjiihing is now believed 
to be produced by some appropriate cause whether 
known or unknown, and chance is identified with 
ignorance. So the popular view of chance is con- 
tradicted by the law of causation. When our knoAv- 
ledge is complete all chance disappears. Thus 
Avhen we fail to explain a thing AA’-e say that it is 
due to chance. Chance has been defined by Mill 
as a coincidence giving ' no ground to infer unifor- 
mity, for it is only by causal connection that the 
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happening of an event can be uniform. So in 
Logic chance is used in the sense of a coincidence 
to which our knowledge is not far advanced as 
to assign a cause. (C. Read). 

2. Probability. When a student appears at 
au examination we cannot say with certainty whe- 
ther he will pass or hot. There is the possibility 
of his failing in the examination. Therefore we 
cannot be sure of his success. But in those cases 
where we add two numbers we are quite sure that 
the result will be always the same unless we com- 
mit a mistake. Similarly when we clap our hands 
we are always sure that sound will be produced.' 
Tn these cases we have riot the slightest doubt as 
to the happening of the result. Now when our 
belief is not of the highest degree of certainty our 
expectation is said to be probable. As long as an 
event i^ not impossible and our belief as to its 
happening is less than certainty we scientiJicoMy 
call it probable. 

But from the ‘popular point of view an event 
is called probable when it is more likely than not 
to happen. Therefore rainfall in May in Bihar 
is not probable popularly, because it seldom occurs 
in this month in Bihar. But scientifically it is 
probable because rainfall in this month is not 
impossible. 

Probability may be defined firom the standpoint 
of causality. When we fail to determine the cause 
of a thing we take into consideration the frequencj'- 
of ^ the happening .rif the thing in the midst of the 
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ciicunistancGs in which it occiir.s. Now probabiJitv 
is our expectation based upon the average frequenev 
of the happening of an event. As the cause of 
the event has not been determined, we cannon be 
i-easonablj certain of our expectation. Therefore 
we call the happening of this event only probable. 
(C. Read). 

3. Chance and Prohability distinguished 

An event or coincidence whose cause cannot be 
ascertained is said to be due to chance. Whereas 
an event or coincidence is called probable when 
we expect its happening on the. ground of the aver- 
age frequency of the occurrence, of the event or 
coincidence. Thus probability is based on the 
average occurrence of chance events and 
chance coincidences. Hence probability gives 
us approximate generalisations Avhich in course of 
time makes room for scientific generalisations 
Thus chance stands for ignorance, probabilitj’- for 
approximate knowledge and induction for scientific 
knowledge, i. e., rational certainty. Thus proba- • 
bility indicates a step in advance from chance. 
Besides chance is generally used in connection with 
the coincidence of events, while probability is used 
in connection with the happening of individual 
things and phenomena. 

4. Mathematical representation of Proba- 
bility. Probability is mathematically represented 
by a fraction which is greater than zero and less 
than one, while certainty is represented by one 
or unity and impossibility is indicated by zero. 



INDUCTION 


297 


The denominator of the fraction which represents 
probability stands for the number of the happening 
of the circumstances in which the event occurs, 
whereas the numerator stands for the number of 
the happening of the event in those circumstances. 
When we calculate the happening of an event in 
a particular manner the denominator of the fraction 
will represent the number of times the event 
occurs and the numerator will represent the num- 
ber of times the event occurs in that particular 
manner. Suppose when in throwing a dice the 
• ace turns up in the average once in six ; we mathe- 
matically represent the probability of the ace turn- 
ing up in each occasion by ~~ Here 6 represents 
the number of times the dice is thrown and 1 
represents the number of times the ace turns up 
during these six times in the average. Similarly 
, when observing a large number of matriculates we 
find that 5 out of 100 matriculates pass the B.A. 
examination we represent mathematically the pro- 
babilitjofa matriculate passing that examination 

'lOO: “20' language we express 

tins fraction by saying that the probability of a 
'matriculate passing the B.A. examination is one 
to nineteen (1 : 19). while the probability of his 
■failing is nineteen to’ one (19 ; 1) . br the odds 
against his passing the B.A. Examination is 19 : 1. 
We may express the same by saying that ■ 'the 
probability is 1 to 19 for his passing' that exami- 
nation or against his failing' in it. Similarly when 
we say that the probability of a Bengali Jiving 
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up to the age of sixty is -5 what we mean by this 
fraction is that a large number of Bengalees have 
been examined and it lias been found that in the 
average out of thirty Bengalees one lives up to 
that age and so the probability of a Bengali boy 
living up to that age is very small, 

The Grounds of Probability. Logicians 
are not agreed as to the ground of probabiIit 3 \ 
According to Jevons probability is grounded on 
belief and has nothing to do with the existing state 
of facts and circumstances. This is the subjective 
view of probability. If we put in a box a number 
of balls of which one is red and the rest white and 
then tij to draw out the red ball we shall find that 
the probability of the red ball coming out will 
greatly vary according to the state of our mind. 
The more the balls are draAvn out the more 
becomes the probability of the red ball coming- 
on t. ^It pes^ on actually increasing like this: 

ioo ’ 99' ’ 98 ’ ^ ’ 9^ ’ 9T it 

will bo quite different. After being unsuccessful 
a few times we shall say, “Oh ! it won’t come 
out, and a little while after we shall hold that it 
will be the last one. This becomes clear to those who 
purchase a ticket in the lottery and remains present 
at the time of the drawings. This is also clear 
to persons going to a race and backing a horse. So 
probability varies according to our belief and not 
with the actual state of things and cncumstances. 

For another reason also we may hold that proba- 
bility is purely subjective. According to the law of 
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causation every event takes place on account of some 
cause whether known or unknown. Hence there is 
no room for any chance or probability in natui'e. 
Probability, therefore, rests only on our ignorance 
which is subjective, and it is eliminated when this 
ignorance is removed. 

Carveth Read has objected to the view of Jevons 
on the ground that if probability be based on belief 
which varies from man to man and even in the same 
man from time to time it will hardly have any 
connexion with inductive logic which aims at 
material truth. Secondly he sa3’^s that belief cannot 
be satisfactorily measured whereas we are required 
to ascertain the degree of probability in our induc- 
tive investigations. Thirdly he points out that 
probability will have hardly any reality in it if we 
base it on belief, pure and simple, because behef 
' does not always correspond to the state of facts and 
circumstances. 

According to Carveth Read and Bain, Probabi- 
lity like induction rests on experience and unifor- 
mity of nature or more correctly on statistics which 
is a record of facts and the law of average deduce d 
from this record. Thus probability is an expecta- 
tion based on the average frequency of the happen- 
ing of facts. So Bain holds that probability is 
connected with a state of mind as well as with the 
nature ' of the objective facts ’ and phenomena, 
When we say that a thing is probable we mean that 
objectively in our previous experience we have found 
that' in some cases it' happened and in some others 
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it did not, so thcit subjoctivolj* lyo liavo in our mind 

d , doubt as to its happening- 
in this particuJar case. Hence this -vieAv mav be 
said to be the mixed vie^Y or the subjective-objec- 
tive anew. 

The third view on the subject is the objective 
view. According to it ProbabiJitj^ has nothing to 
do with belief. It rests upone xperience, pure : and 
simple, and the law of average formed put of statistics 
which records the facts of our experience. “Where 
statistical evidence is obtainable no one . dreams 
of estimating probability by the quantity of his 
belief. This is manifest from the insurance offices 
which prepare elaborate statistics of death, fire, 
shipwreck, etc,, and regulate their rates accordingly, 
and never take into consideration the quantity of 
belief they personally entertain.’’ Here also -^ve 
.find that probability is ,a kind of calculation ..or 
inference which is a mental process. Hence this 
view is identical with the view of Bain and Carveth 
Bead. Besides knowledge implies belief and so 
probability which gives us approximate knowledge 
cannot be separated from belief. 

6. Probability - and Induction. Some logi- 
cians such as Jevons and his school are iof opinion 
that • all knowledge and inference are probable. 
According to them even the rising of the sun in 
the morning is a probable truth and so is the 
mortality of man. 'Inductive truth being based upon 
inference is of probable nature. Jevons, maintains 
that induction is based on probability on two 
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grounds, viz., (1) Nature is so vast, subtle and 
complex that it is impossible for us to know an^' 
thing or event fullj and completely, and (2) there 
is, .no certaint}' that the laus and conditions of 
the universe (e.g., the law of the uniformity of 
nature) will remain alwaj'S the same, 

. Odiis view, is partially correct. We know that 
there are two degrees of certainty, viz., (i) absolute 
■certainty ,and (ii) rational certaint3% From the 
standpoint of absolute certainty* Jevons’s view is 
‘tenable and human knowledge is probable. But 
from the standpoint of rational certainty we find 
that there are some relations which happen alwa3'S. 
'About these we are rationall3- certain. But there are 
also, some 'relations which happen in some cases 
, hilt fail to happen in some other cases. Hence our 
.expectation of the happening of such a relation 
I -is said to be probable. It is improper to express 
rational certain 13’^ and probable expectation bj- 
the same term. . • , 

Having this second kind of certaint3’ in view 
Mill holds that probable inference is based on 
experience. There are many complex facts and 
phenomena ■ whose antecedents . and conditions can- 
not be wholly ascertained accurately. And we know 
also that the same effect can be produced by differ- 
ent^causes. Now when we say that an inference 
is probable we mean that it is not grounded on 
any known causal relation and so the . antecedent 
conditions of the subject matter of inference have 
. not been discovered. The conclusions that there 
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■will be rain and storm in Bengal on the last day 
of the Bengali year, that the number of deaths 
from suicide is constant and that every year 
there will be a certain number of unaddressed 
letters in the post office are all probable. But all 
these inferences are not the outcome of whimsical 
guesses but are based upon facts experienced and 
sometimes arranged in the form of statistics. 

Induction, w’e have found, is based upon causal 
relation and the experimental methods, whereas 
probability is based on the average frequency of 
occurrence. Inductive inference holds good in all 
the instances while probable inference holds good 
in the average number of instances and not in the 
case of an individual instance. In Induction 
the conditions are fully known while in probabilitv 
the conditions are either unknown or partly known. 
But Probability like induction is based on observa- 
tion and generalisation (approximate), 

7. The Average and the Personal equa- 
tion. Suppose that the height of the students of a 
college varies from 3ft. 4 inches to 6 ft, 2 inches. 
Now if there be five hundred boys in the college, 
in finding out the average height of the students of 
that college we must add together the height of all 
the five hundred boys and divide the result by the 
number of the boys, i.e., five hundred. The result 
found out by this di\usion will be the average height 
of the students of that college. We shall find by 
observation that most of the students of that 
college will be about that average height and the 
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instances in which the height will fall far below the 
average or far exceed the average will be rare. 
Those instances in which the height will be con- 
siderably less or more than the average are called 
deviations or errors. This average can be made 
the basis of our inference. Probable calculation is 
grounded on this average. 

By Personal equation we mean that every indi- 
vidual rational bein^' has got his peculiar personality 
and as such has a tendenc}’^ to distort the sense pre- 
sentations. i.e., to view things in a wai' slightly 
different from what they are themselves. So in order 
to find out the personal equation of a man we are to 
find out his average deviation from the normal. 
The term personal equation is generally used in 
connection ivith experiment and astronomical 
observation. Every observer owing to his peculiar 
I sense organs, height and position, not to speak of 
his mental complex is liable to a little wrong and 
this error must be corrected in order to get the 
right result. This personal equation is allowed for 
in scientific observation and experiment. 

From the above it is clear that our personal 
equation introduces error in our observation and ex- 
periment and so in our calculation and inference, 
and thereby reduces all inferential truths based on 
experience to probable truths. When we talk of 
personal equation our standard of accuracy is 
very high. But in carrying on our life and in 
managing our everyday problems we do not require 
such a high degree of accuracy. 
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8. Probability and Average. In probable 
reasoning we should alwa 3 ’'S’bear in inind that oui* 
inference holds good not in any and-' every 'case' but 
only in the average number of eas'es, In determi- 
ning whether our inference will hold good with 
regard to the individual case we should careful 1}^ 
see that this case is subject to only the general 
conditions governing the class to -Hvhich- it belongs 
and not to any other special conditioii. The likeli- 
hood of a probable-inference' being true - in a parti- 
cular case is very smaill on account- of the reason 

(i) that probability is based on the average and 

(ii) that an' individual instance always deviates from 
the normal or the general characteristics - of the 
class. This deviation from the normal is- called the 
personal equation. 

9. Elimination of Chance. Chance we have 
seen stands for our ignorance of the causal basis • of 
a phenomenon. 'A phenomenon is said 'to be causal 
when its cause ■ is known and when its happening 
can be expected beforehand. Whereas a pheno- 
menon is said to he casual when its causal basis 
cannot he known and so ■ its happening cannot be 
expected beforehand. Therefore chance is elimina- 
ted when the cause is found out and we are able to 
jrredict reasonably the happening of a phenomenon. 

Chance comes in when there is a plurality of 
causes capable of producing a phenomenon. If A., B, 
C, and D are separately and independently capable 
of producing'x, we have*' a plurality of causes. In 
such cases we try to remove this plurality of' causes 
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by the specialisation of the effect or the generalisa • 
tion of the causes. When these two processes are 
not possible we ajpply the doctrine of chance. In 
this case we are confronted with propositions like 
these A may produce x ; '.B may produce x ; 
C may produce x : and D may produce x. But 
each of these “mays" has not the same significance 
and force. By applying the doctrine of chance we 
measure the value of these onO/ys, When the value 
of these mays are determined chance is eliminated 
to a certain extent. But great difiSculty arises when 
we come across the concurrence of phenomena, the 
happening of which cannot be expected on account 
of pur ignorance of the causal basis. All events 
and concurrence of events are due to proper 
-causes, yet on account of our imperfection we 
cannot find out the causes of most of the events and 
■ the concurrence of phenomena that happen in 
nature. So a distinction is made between causal 
and casual phenomena with a view to. distinguish 
events whose causes can be ascertained by further 
investigation from those events whose causes cannot 
possibly be ascertained' by further investigation. If 
the events are found to concur more frequently than 
they are expected to concur according to the rules 
of probable calculation then we should infer that 
the concurrence is causal an'd further investigation 
may lead to the discovery of the causal basis of the 
concurrence.' But if. the events do not happen more 
firequently than they are expected to concur according 
to the rules for the calculation of chance then we 
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should infer that the concurrence is casual and 
further investigation will not lead to the discovery 
of the causal basis. All these have been embodied in 
the following rule which is commonly called the 
rule for £he eliminafion of chance I — 

"Consider the positive frequency of the phe- 
nomena themselves separatelj’’, and how great fre- 
quency of coincidence must follow from that, suppos- 
ing that there is neither connection nor repugnance. 
If there is a greater frequency, there is a causal 
connection, if a less, repugnance.” 

If we find that A and B concur and fail to as- 
certain the reason why thej* do concur we say that 
they concur by chance. Xow in order to ascertain 
whether this concurrence is really casual or causal, 
i.e., in order to eliminate chance we should observe 
first of all as many instances of A and R as possible. 
If the separate probability of A is 3/11 and that of 
B is 4/7, then if A and B be supposed to have neither 
connection nor repugnance the probability of their 
concurrence will be 3/11x4/7-12/77. Now if by 
observation we find that A and B actually concur 
more than 12 times out of every 77 times then we 
must infer that the concurrence is causal and not 
casual i and if we find that they concur less than 
12 times out of every 77 times we should infer that 
there is repugnance between them. But it should 
be noticed that even in such cases no definite in- 
ference as to the happening of the concurrence can 
be made and the concuri’ence even after the appli 
cation of the rule for the elimination of chance 
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remains a chance concurrence. Hence the rule is 
hard]}’ useful as a rule for getting rid of chance 
altogether. It is also misleading. 

10. Rules for the calculation of Chance or 
Rules for the estimation of Probability. These 
rules seem to be very simple and also seem to lead 
to mathematical certainty. But actually they are 
neither. The problems relating to the calculation 
of chances that are set in the examination held by 
the institute of actuaries are bewildering to those 
who have not studied higher mathematics. Bj’’ 
applying these rules we can never attain mathemati- 
cal certainty. These rules have been arrived at not 
by mathematical calculation but by empirical gene- 
ralisation. These rules also cannot be applied when 
extensive observation have not been made and 
elaborate statistics are not available. The conclu- 
sions arrived at by the application of these rules 
do not hold good in the individual cases but in the 
average number of cases. 

The following are the rules for the calculation 
of chance or the estimation of probability ; 

(7) The prohability of tUe concvjrrenee of two 
%ndependent events is the product of their separate 
probabilities. Suppose the probability of the 

occurrence of A is and that of B is-t’^ then the 

probability of their concurrence is X = * or 3 • 5 
when there is neither connection nor repugnance 
between A and B. Suppose the probability of a 
graduate becoming a deputy magistrate is and 

the probability of a graduate becoming a poet is 
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Therefore the probability of a graduate becoming a 
deputy magistrate and a poet is 1/50 x 1/25 = 1/1250 
i.e., 1 : 1249. 

(2) The probability of the occurrence of one 
or the other of two events that cannot concur is the 
sum of the separate probabilities. This rule considers 
the probability of inconsistent events that cannot 
concur. Suppose the probability of a graduate be- 
coming a deputy magistrate is -,V and the probability 
of a graduate becoming a lawyer is Therefore 
the probabilit}' of a graduate becoming either a 
deputy magistrate or a lawj-er is 6 V+ 7 =sVo'' 

5/ : 290. Suppose out of 1000 men only one is 
drov ned and out of 3000, 7 are devoured by tigers. 
Then the probability of a person being either drown- 
ed or devoured is YoVo' + si/ao = i-e., 1 : 299. 

(3) The rule for the cumulation of independent 

testimonies in favour of a fact is found by multiplj-- 
ing together the fractions renresenting their separate 
improbabilities and then subtracting the product 
from unity. If a witness speaks six truths when 
he speaks one lie his improbability of speaking the 
truth is 1 -? = T_ jf another independent witness 
speaks seven truths when he speaks three lies then 
his improbability of speaking the truth will be 
l'TiT = T”ir* If t)oth of them testify to the same fact 
then the probability of the fact being true will be 
I~(t X I “ = 7 fe., 67 : 3. 

But according to Bain the rule is different. His 
rule is as follows :-The rule for the cumulation of 
independent testimonies in favour of a fact is to 
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multiply the numbers expressing tlie proportionate 
\alue of each testimonj-. According to this rule the 
proportionate value of the first witness of the above 
mentioned example will bo 6 : 1 and the propor- 
iionate value of the second witness will be 7 : 3. 
I herefore the joint effect of their testimony will 
bo Ox/ : 1x3 ; or 42 : 3 or which is difierent 

b om the result arrived at by the previous rule. On 

account of the fact that there is no mathematical 
sanction for the multiplication of ratios as has been 
suggested by Bain’s rule, this rule has been rejected 
altogether and a new one has been substituted by 
logicians. There is no justification for the re\dval 
of this discarded rule. 

If A, B, 0, and D are the independent signs of 
X then in finding out the probability of the oecur- 
, rence of X when all these signs are present we should 
apply this rule i e., we should multiply the separate 
iinprobabilities and then subtract from unity their 
product. 

. (4) The rule for the deterioration of testimonj* 
in passing from one person to another, that is, for 
the weakening of traditional evidence through' the 
lapse of time, is to multiply the fractions express- 
ing the separate probabilities. 

By this rule we ascertain the true value of 
hearsay evidence. Suppose the probability of A’s 
speaking the truth is the probability of B’s 

speaking the truth is and the probability of C’s 
speaking the truth is g,-,and suppose B gets an 
mforniation from O and B then gives this informa- 
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tion to A and if A gives evidence regarding the 
events which he heard from B and which B heard 
from 0 then the value of A’s evidence will he 
gX-^-Xo = c'|. Thus the value of hearsay evidence 
IS very small and it is, for this reason that it is rejec- 
ted in law courts, while reliance is placed on 
corroborated testimony. 

This is also the rule for the calculation of the 
probability of depe-ndent events. Suppose the 
occurrence of X depends on P and the occurrence 
of P depends on A. Hence X and P are dependent 
events. Suppose the probability of the occurrence ofP 
when A occurs is ^.and the probability of the occur- 
rence of X when P occurs is then the probability 

of the occurrence of X when A occurs will be 

or* 8 J* 

~7h> be., 35 3/. Carveth Read states tliis rule 

as follows : — ^If two events are dependent each on 
another, so that if one occur the second may or 
may not, and if the second a third : whilst the 
third never occurs without the second, nor the 
second without the first ; the probability that if 
the first occur the third will is found by multiply- 
ing together the fractions expressing the proba- 
bility that the first is a mark of the second and the 
second of the third. One cannot be a graduate 
without being a matriculate and one cannot be an 
advocate without being a graduate, but it ' does not 
follow that every matriculate becomes a graduate or 
every graduate becomes an advocate. Hence the 
probability of a matriculate becoming an advocate 
is.found by multiplying the probability of a matri- 
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ciilate becoming a graduate ■with the 2)robabiJity of 
a graduate becoming an advocate. 

n. Evidence. There are two kinds of evidence, 
viz., direct and indirect. It is said to be direct when 
a person makes a statement about a fact which is 
required to be proved. Suj)po.se it is required to 
be proved that A murdered B. If a witness say.s 

that he saw A hiJIing B then his evidence will be 
direct. 

Evidence is said to be indirect when a person 
makes a statement about circumstances connected 
with the fact which is required to be proved or from 
which the subject matter of proof can be inferred. 
Such an evidence directly proves the circumstances 
in which the fact to be proved occurs wliile it in- 
directly proves the fact which we are required to 
^ establish. Such an evidence is called Circuma- 
tantin I evidence. If a person makes a statement 
that he saw A running away immediately after the 
occurrence and that he had a sword in his hand and 
that there was blood in his cloth then his evidence 
will be circumstantial in nature. An evidence is 
said to be hearsay when it is based on the infor- 
mation received from another and not on the per- 
sonal knowledge of the person giving the evidence. 
We have seen already that such evidence has very 
little logical value and is ordinarily rejected in the 
law courts. 

12. Fallacy in Probable Calculation. Carveth 
Read has given the following warnings in 
applying the doctrine of probability “Not to 
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make a pedantic parade of numei’ical, probability, 
where the numbers have not been ascertained : bJ^ot 
to trust to our feeling of what is likely, if statistics 
can be obtained ; Not to apply an average proba- 
blility to special classes or individuals without 
inquiring whether they correspond to the average 
type ,* and not to trust to the empirical probability 
of events, if their causes can be discovered and 
made the basis of reasoning which the empirical 
probability may be made to verify.” 

When these cautions are neglected fallacies are 
committed. The gi’eatest fallacy of jirobable reason ■ 
ing is to rush to certainty and to apply the j^roba- 
ble conclusion to the individual instance. Beside.^ 
fallacies are committed in applying the rules of 
probable calculation. 

[For further stud}'^ of the subject students are 
referred to Dr. Venn’s Logic of Chance.] 


13. Exercises. 

1, Explain and illustrate the meaning of Chance 
and Probability from the popular and the scientific 
standpoint. 

2, Distinguish between Chance and Probability. 
Show how Probability is represented mathematically, 

3. What is Chance and how is it eliminated ? 

4. State and illustrate the rules for the cal- 
culation of chances, How are these rules arrived 
at ? .What kind of truth is established by the.se 
rules ? 
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5. Explain the Grounds of Probability. 

6. What do you mean by Statistics and the 
averafife aud how are they connected mth Proba- 
bility ? 

7. Explain the relation between Probability 
and Indnction. 

8. Distinguish between causal and casual 
phenomena. Can there be any casual phenomena 
from the logical standpoint ? If not, wh}^ does 
Logic consider Chance and Probability ? 

9 Explain the remark : Probability ascertains 
the value of mau. 

10. Explain Persona’ Equation, Direct and 
Indirect Evidence and Circumstantial Evidence . 

11. Explain and illustrate the fallacies commit- 
ted in connection with probable calculation. 

12. Given two premises of the form : Most B’s 
are C, Most A’s are B, can any inference be drawn ? 
If so, of what kind and on what condition will its 
value depend ? Give examples. 

13. What is meant by Chance ? Give example. 
How is Chance eliminated ? 

14. Give -with examples the rules for the cal- 
culation of Probabilities. 

15. What is Probable Reasoning ? Discuss 
the relation of Probability to Induction. State and 
illustrate the rules for the combination of probabi- 
lities. 

16. Is there such a thing as chance ? Discuss 
the relation between chance and causal connection, 
and indicate what is meant by a calculation of 
probabilities. 

17. Explain the following (a) The event A is 
probable, (b) The probability of the event is 1/6. 
^c) The events A and B occur together by chance. 

18. What is a probable argument ? How 
would you calculate probability ? 
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19. Explain the relation in which Probability 
stands to Induction. 

20. The Inductive Reasoning is merely probable. 
Do you -accept this view ? Give reasons for your 

ans^ver. 

21. The probability of a baby living up to the 
age 30 is 1/5 ; and if it lives up to that age then the 
probability of its being well educated is 1 /4 : and 
if it is well-educated the probability of its becoming 
a Minister is 1/70. What is the probability of a 
bab}' becoming a Minister ? 

22. Suppose in Bihar the probability of dying 
of fever is 1 : 7 ; the probability oi' dying ol’ cholera 
is 2:1 and that of consumption is 1:3. What is tlu- 
probability of a person dying of any one of these '' 
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Demonstration and Necessary Truth. 

1. Demonstration. By Demonstration we 
mean a process of reasoning by which we make a 
thing so clear and certain that there remains not the 
slightest doubt regarding its truth. There are two 
forms of Demonstration, viz., 

(i) Bemonstr-ttion of an immediate trath, 
i. e., a particular fact or phenomenon. In demons- 
trating an immediate truth we are to make it an 
object of observation or experiment, i. e., of direct 
perception. Thus a thing is demonstrated when we 
actually perceive it with our sense organs ; and 
when there is actual perception of this kind there 
remains no doubt regarding its truth. This kind 
of demonstration is to be met with in chemical 
laboratories where it is shown how a combination of 
hydrogen and oxygen makes water. It is for this 
reason we find a demonstrator in every chemical 
laboratory who actually shows his students by ex - 
periments the various truths of chemistry. Such a 
method of demonstration may be said to be the 
Method of Illustration. But as a method this is 
defective though it is spectacular and popularly 
convincing. A truth always involves a universal 
element, e. g., the chemical truth' that H„0 makes 
water supposes that in all enses HgO makes 'water. 
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Hence it supposes infinite number of instances in 
■which this combination can occur. We can however 
perceive only a few cases of these combinations. 
Besides we cannot attain certaintj’^ when we base 
our reasoning simply on the number of instances 
and not on their nature. In many cases of 
perception onr doubt is not removed as in magical 
performances and seances. Hence every case of 
perception cannot be said to be demonstration. 
That form of perception which gives us complete 
conviction as to the truth of the object is said to 
be demonstration. Logic, we have seen, is concerned 
with inferential knowledge and so it is only indirectly 
concerned with demonstration of this kind. 

(ii) Demonstration of Mediate truth. In 
Logic we are concerned with the demonstration of 
mediate or inferential truth. When a conclusion 
of an inference or deduction has been proved con- 
clusively, i. e., when there remains no manner of 
doubt as to the truth of the conclusion then we say 
that the conclusion has been demonstrated. Thus 
demonstration is opposed to p^obabilit3^ Now in 
order to have demonstration or absolute certainty 
we require two things, viz., (a) that the premises 
from which the inference is drawn are absolutely 
true, i. e„ necessary and certain ; and (b) that the 
conclusion follows necessarily from the premises, i.e., 
the process of reasoning, must be syllogistic or 
deductive. Thus demonstration is possible when the 
premises are axioms or necessary truths and the 
reasoning is deductive. We know that in mathe- 
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inatics we start from axioms which are absolutely 
and Decessarily true and the process of reasoning is 
completely deductive. So the conclusions of Mathe- 
matics are demonstrative. The proof of Geometrical 
theorems is demonstrative in character. 

In Induction and other kinds of reasoning such 
a.s analogy and the like our conclusions are more 
or less probable as we proceed from the known to the 
unknown. So we cannot have demonstrative truth 
in Induction. Similarlj- in ordinary syllogistic 
argument we start from general propositions which 
are more or less probable and consequently the con- 
clusions are more or less probable. Hence in ordi- 
nary deduction we cannot have any demonstra- 
tion. 

■^^e may note in this connection the view of the 
Kommahsts who maintain that every truth is pro- 
bable and that nothing is absolutely certain. Where- 
as the realists maintain that there are some truths 

such as the axioms and the laws of thought which 
are absolutely true. Hence we see that according to 
tile Hommahsts demonstration is impossible whereas 
It is possible according to the Realists. 

But modern logicians want to extend demon- 
stration to Induction also. Simple mathematical 
truths and the law of gravitation about which no one 
entertamed any doubt are being doubted by many 
scientists and mathematicians, e.g., Einstein and 
^’^hitehead. Besides the modern method of Induction 
involves a- considerable amount of deduction as it is 
grounded on the law of causation about which' we 
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enteTtain no doubt. Such an induction gives us 
rational certainty. Hence it is maintained by many 
logicians that we can have demonstration even in 
inductive reasoning, Coffey, for instance, writes in 
his Science of Logic, "The term ‘demonstration’ 
seems by preference to be applied to the process by 
which we connect abstract truths with their first 
principles ; and ‘explain’ to the process by which 
we connect the concrete existence and happening 
of things and events With their causes, and so come 
to understand the modes in which, or the laws accor- 
ding to which, they are produced by those causes. 
We may know that the three angles of a triangle are 
equal to two light angles without knowing why ; 
and we may know that ice begins to form on the 
surface of a pond and not at the bottom, without 
knowing wh}'. To answer the first ‘wny’ is to de- 
monstrate a theorem in geometry ; to answer the 
second is to explain a phenomenon in physics. To 
demonstrate truths is simply to .show their connexion 
with simpler truths which we already understand, 
and ultimately with first principles : to show how 
they are involved in the latter, to harmonize and fit 
them in with that part of our knowledge to which 
they are logically or rationallj’’ akin. To explain 
facts is simply to show why they happen, how they 
occur, how they are connected with their causes, 
what these causes are, and what are the laws accord- 
ing to which they bring those facts about. We 
demonstrate consequent by antecedent until ■ we 
reach 'first principles ; we explain effects by Causes 
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until we reach remote causes, and ultimately, the 
One, Uncreated Firat cause.” 

Though a distraction has been drawn here bet- 
ween demonstration aud explanation yet the purpo.sc 
of demonstration is not different from that of expla- 
nation for both of them try to make some fact or 
phenomenon intelligible to our understanding. In 
the final analysis of both the processes we are bound 
to go to the first principles. But let us reserve this 
higher topic for metaphysics. 

2. Necessary Truths. Necessaiy truths are 
those truths which are self-evident, eternal, and 
immutable. We call them self-evident because they 
require no proof for their validity, they are assumed 
in all kinds of reasoning and as such they are called 
ultimate. We call. them eternal and immutaMe as 
they cannot be changed or made otherwise by any 
power, finite or infinite. We know for example that 
the axioms of mathematics, the laws of thought 
cannot be made ortherwise by any power. Similarly 
the truths that two and two makes four and that 
two straight lines cannot enclose a space cannot be 
altered by any body, not even by God almighty. 
Whereas the contingent truths such as the rising of 
the sun in the east, the mangoe being ripe, the hu- 
man beings having legs and not wings and the like 
may be altered by the will of the almighty power 
working in nature. The other peculiarities charac- 
. lerising necessary truths are their v/niversality , 
necessity and immediacy. They are wtiiversal 
because they are believed to be true by all men 'even 
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unknowinglAL Inhere is no one M'ho can be found to 
donv their validity. They* are ndCCBSctr ij because ve 
are compelled to accept them in our thinking and 
action. 1’heir opposites are also unthinkable. They 
are immediate because Ave do not get them through 
anv other means, data, medium or evidence, i e., ve 
do not establish them by any reasoning whatsoever, 
but we know them directly and immediately by 
intuition. 

We may mention in this connection the views ot 
Hain and Spencer about necessary truths, (a) Bain 
defines necessary truths as what must be true and 
that which is opposed to the contingent truth which 
may or may not be true. This definition cannot be 
accepted (i) because it is circular as the word must 
^ signifies necessity ; in other words Bain’s definition 
f is equivalent to saying that neceasary truths are 
those which are necessary ; and (ii) because the 
second part is wrong for there can be no truth which 
may be true or may not be true. What is true can 
never be untrue, (b) Spencer describes necessary 
truth as one the opposite of which is unthinkable or 
inconceivable. This again is fallacious on the ground 
that our inconceivability cannot be the ground of ne- 
cessity ,for there are truths the opposites of which we 
ftannot conceive but they are not necessary, e.g., we 
can hardly conceive that man will walk on head, that 
we shall hear with our eyes and see with our mouth, 
that the heavy bodies will go up instead of falling 
down and the like, but these are not necessary 
truths. So it is not a fact that a truth is necessary 
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because its opposite is unthinkable, but what is true 
is that its opposite is unthinkable because it is 
necessary. IsTecessaiy truths being grounded on the 
very form of thinking cannot be properly defined. 

3. The use of .ecsssary truths in Logical 
Thought. Logical thought or reasoning of any kind 
assumes the first principles, axioms or necessary 
tiuths. Wichout assuming them it is impossible for 
ns to think or argue ; in fact they are inherent in all 
thought and reasoning, and for that reason they are 
the grounds upon which inductive and deductive 
arguments .are based. We may point out that the 
fundamental laws of thought, the Dictum of 
Aristotle constitute the ground of deduction, while 
the Uniformity of iSTature and the Law of Causation 
constitute the foundation of Induction. 

4. The Source of Necessary Truths or how 
they are known. According to the empiricists, 
strictly . speaking, there cannot be any necessary 
truth The so called necessary truths, they maintain, 
like any other truth are based upon experience. 
Spencer maintains that we determine necessary 
truths by observing whether their opposites are 
unthinkable. This empirical vdew however cannot 
be accepted because every experience presupposes 
the necessary truths. Them real . source lies in our 
intuition, i. e., we become directly conscious of them. 

Just as we perceive the colour of a flower, hear the 

humming of a bee, and the like, with our sense 
organs, so with the help of our mind, we become 
directly conscious of the existence and validity of 
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the necef?Sfir\' truths. In short, the source of the 
necessar}' truths is ap't iori and not aposteriori. We 
may note here that tliere are some necessarv truths 
which are proved by demonstration, i,e„ by deducing- 
tliem from the axioms and the laws of thong-ht. 


5. Exercises. 

what you mean hy Demonstration. 
What are its forms? Can there be any demons- 
tration in inductive investigation ? 

2. In vhat forms of reasoning is demonstration 
possible f What are the conditions of Denionstra- 
rion ? 

3. What is the function of the Demonstrators 
lound in the laboratories ? What method do thev 
follow ? What logical value does such a method 
possess ? 

4. Explain the Method of Illustration. Has 
It any connexion with Demonstration ? What is 
its logical value ? 

5. Distinguish between Demonstration and 
Explanation. 

6. Explain the characteristics of Necessarv 
Truths. Are they connected with Demonstration*? 
How do we get these Heces.'^ary Truths ? 

7. Mathematics and its applications are called 

the 'exact sciences,’ and their conclusions are cha- 
racterised as systems of necessary truth : show what 
is implied in these designations and whether thev 
are justified or not. " 

8. WJiat is meant by Demonstration f. What 
kinds of inference are of demonstrative character 
and what kinds are nerely probable ? Explain the 
reason in each case and give examples".. 
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9. What, is meant b}' Necossar}'- Truth ? ]>o 

YOU think that there are aii}’- truths which can he 
known to be necessar}’- ? If so, how can the}' be 
known to be, such, and what will be the use of such 
truths in logical thought ? 



CHAPTER XII 


Explanation, 

I. Popular Explanation. The word explaiica 
tion IS derived from Lat. cx-pUno-ex. out of and 
Vlano, to make plain. Therefore etjmoJogicaJly it 
IS a process by which something is made plain. 
Popularly Explanation means exactly the same 
thing. _ Hence popularly we may define ex- 
p anation as a process by which something is made 
pam or clear to one’s understanding. When a 
thmg or a Jaw is made intelligible to us it is said 
to be explained. When we fail to understand the 
nature or meaning of a thing or how it has been 
brought into existence or the Jaws that govern it 
we require an explanation. Thus explanation 
supposes a previous state of perplexity or doubt and 
the process by means of which this perpJexitv 
or doubt IS removed is' called explanation. But 
the understanding of a man is not stationar3% It 
varies from man to man, and even in the same man 
rom time to time. Therefore popular explanation 
which aims at making a thing clear to the under- 
standing is a variable thing and not stationary-. 

A child’s understanding is easily satisfied by ana- 
logical statement, e.g., a child is satisfied ‘when it 
IS said that the shaking of the earth takes place on 
account of the shaking of the hood of the serpent 
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on 'which ; the earth rests. Similarly the under- 
standing of a village woman is satisfied when it is 
said that her son has fallen ill on account of the 
wrath of a particular goddess. An ordinarily edu- 
cated man is satisfied when it is said that a parti- 
cular man has got bronchitis on account of the 
changing weather and sudden exposure. But a 
scientific man enquires into the germs that produce 
bronchitis. , Thus jwpular explanation is variable 
in nafaire, but scientific explanation is .stcadv and 
invanable. 

. Popular explanation is concerned with the 
siijicrficial characteristics of things. It is grounded 
on any fonn of likeness and sometimes on rough 
analogy or supernatural agencies, while scientific 
explanation traces phenomena to their causes and 
the law of operation of these causes. 

Popular explanation sometimes consists in sub- 
stituting a thing that seems to be familiar for a 
thing that seems to be strange while scientific expla- 
nation resolves a .phenomenon into factors about 
which we previously knew little or nothing, e.g. 
the rusting ofiron which is a familiar phenomenon 
1.^- explained by oxidation with which we are not 
farnifiar though it-.is well known to the scientists 
and to them it is simpler than. the rusting of iron. 
Bo in science and Logic the simplicity of a pheno- 
menon IS not judged, by the popular standard. 

- Popular explanation is, concerned ivith a parti- 
;cular case and -its special, cause or condition or more 
.correctly occasion, while scientific explanation aims 
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at discovering a causal connection and with its help 
tries to make a generalisiition with a view to estab- 
lish a law, 

2. Scientific or Logical 'Explanation. A 

thing or phenomenon is scientifically explained when 
we assign a ca.use to it. Jevons says, “Scientific 
explanation consists in harmonising fact ■with fact 
or fact with law, or law with law so that we may 
see them both to be a case of one nniforni law of 
oansation.” Carveth Bead has defined scientific 
ex])lanation as a process which consists in discover • 
ing. deducing, and assimilating the laws of pheno- 
mena. Blit these 'discovering’, 'deducing’, and 
‘assimilating’ are pos.sible only when causal relations 
have been alread}’ e.stahlished, Wliere causal rela- 
tions are not to be found empirical laws should be 
found out in order to explain the phenomenon in 
question. But the explanation by an empirical law 
is not satisfactory from the logical standpoint. The 
essence of explanation, therefore, is always a dis- 
covery of the causal relation and the reference of 
the facts of our exjierience to such a causal relation. 
Thus it is clear that explanation is possible only 
when we have causal relations established by 
previous induction, and so e'planation may he ssiid 
to be the goal of induction. 

The aim of every logician is to form an idea 
of the world as a system of laws. Now the function 
of explanation consists in accommodating the pheno-. 
menon to be explained to a suitable place in this 
complex idea of the world as a system of laws. We 
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have doubt and perplexity •nlien a thing or pheno- 
menon does not fit in in this system of laws which 
we have formed already and this doubt is removed 
when the phenomenon is assimilated to the system 
of laws. Such an assimilation requires the detec- 
tion of the essential feature of the objects to be 
explained and a reference to the cause producing 
the phenomenon and the mode of operation of this 
cause. We have seen already that scientific 
generalisation is possible only through the estab- 
lishment of the causal relation. Hence underlying 
explanation we have assimilation and generalisation. 
AVhen we are required to explain a law we deduce 
it from a higher law, i.e., we show that it is an 
instance of that higher law, and in this wa}- it is 
assimilated to that higher law. Again a large 
number of laws are sometimes generalised into a 
higher law and thereb}* assimilated to that higher law. 
Thus assimilation and generalisation go together. 

The nature of logical explanation varies according 
as the problem belongs to one science or the 
other. In natural sciences such as Biology explana- 
tion takes the form of classification. Its business 
becomes there confined to the finding of resemblan- 
ces between the phenomenon in question and other 
phenomena. In Mathematics explanation becomes 
identical -with proof and consists in showing that 
the thing given for explanation repeats under 
different conditions the definitions and axioms 
already assumed and the theorems already demon- 
strated. In the concrete sciences explanation 
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means the (Uscoveo\g and the derivation of laws 
including within it tlie discovery of the causes 
of phenomena. When a cause cannot be discoyez-ed 
the mere discovery of an empirical law of co-e.\is- 
tence such as, white tom cats with blue eyes iuv 
deaf, serves the purpose of .scientific explanatioii. 
But underlying zill these forms of explanation there 
is assimilation and generalisation of phenomena, 

3. The Modes or Forms of Scientific Ex- 
plnnntion Ordinarily three forms of scientific 
explanation are considered in Logic, viz., Anali/su, 
GoncaUncUion, zind Siibsuniston, but I'-bzrre 
ziddcd a necessary fourth form, namely, thr. disoovury 
ata-c which follows from the very definition 
of explanation. The following, therefore, are the 
forms of scientific explanation : — 

(1) e may uxplairi zi particular thing or 
phenomenon by z-eferring it to its cause. In this 
case we show how the particular thing or i^heno- 
menon arises out of the fiscertained ground or 
cause, e.g., a particuhir case of death is explained 
by poison and the flood in a river is explained bv 
the heavy rainfall in the niountain oz’ the meltin'-*' 
of a huge glacier. 

(2) We explain a comjzlex phenoznezion bv 

analysing it into its component parts azid showiuo- 
• • • - ^ 
the connexion existing among these parts, and also 

showing how these parts individual I3- operate and 

how they jointly realise a common goal. Similarly 

the joint effect is. explained by discovering the 

various conditions and showing how they produce 
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the joint eftect in question. Scientific analysis is 
not simply concerned T\dth the what of a thing but 
with the how and why of a thing and so in it we 
generally try to discover the causes and the laws 
of these causes. In a complex phenomenon we find 
by analysis that many causal agencies are operating 
according to the various laws of their own. Now 
vhen we find out and state these causal agencies 
bringing • about the phenomenon and the laws in 
accordance with which thej’’ are acting, we are said to 
explain the phenomenon scientifically, e.g., the rise 
of water in the common pump is explained by 
analysing the phenomenon into the forces acting 
upon the pump, viz,, the pressure of the atmosphere, 
the laws of motion, and the distribution of forces 
or pressure in a liquid and the nature of liquid that 
it always tries to keep the same level. Similarly 
the elliptical orbit of a planet is explained by the 
operation of two forces viz,, the tendency of the 
planet to move in a straight line and the attraction 
of the sun drawing it to-wards the centre of the 
sun. Similarly the path of a projectile is explained 
by finding out the initial force and its inclination, 
the gravity, and the resistance of the air. 

(3) We explain the relation between a cause 
and its remote effect by pointing out the inter- 
mediate links existing between them, i.e., by inter- 
polation and concatenation of the intermediate 
causes. ^ As for instance, we explain the proverb 
“No pains no gains” by showing that by taking 
pains we do some ^york and thereby get some 
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reniunorntion for our work. So if yve refuse to take 
any pain there will lie no work done by us and so 
wo shalJ not be able to get any remuneration or 
gam. ^ Similarly the argument that "no cats no 
clover” IS explained by showing that cats destrov 
rats and these rats destroy the nests of humble 
bees, and these humble bees are necessary for fructi- 
fying red clover. So it follows that if there be no 
cats there will be rats, and these rats will destrov 
tho nests of the humble bees and so the humb/e 
bees will fly away and so tlie red clover will remain 
unfructified and the clover crop will fail. Thus we 
understand the saying “Ko cats no clover’* This 

form of explanation seems to be more popular than 
scientific. 

(4) We explain a law or a series of laws bv 
subsuming it under a more general law. Secondary 
laws are explained by bringing them under a more 
general law, e. g., the law of falling bodies, the tides 
and the orbits of planets are explained by subsu- 
nnng them under the universal law of gravitation. 
Similarly the purification of blood by breathing, the 
burning of a candle and the rusting of iron are all 
subsumed under the general law of oxidation. This 
form of explanation is called subsumtion and is 
identical with assimilation and deduction. Because 
when a lower law is subsumed under a higher law 
we simply assimilate it to the higher law or in- other 
words deduce it from the higher law. Thus we find 
that the scientific outlook in e.xplanation is clouded 
• by the forms of explanation commonly known as 
concatenation and subsumtion. 
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4. Relation of Explanation to Deduction, 
Induction, and Hypothesis. Explanation is a 
peculiar process closely related to Induction as ^veIl 
as to Deduction Some logicians are for making 
explanation a process of Induction. Thej’’ lay stress 
upon the fact that “scientific explanation consists 
in harmonising fact with fact, fact with law, or law 
with law so that we can see them both to be cases of 
one uniform law of causation.’ Thus when we arc 
required to explain a particular event we show how 
that event has been caused into existence and the 
causes which have brought the event into existence 
do work according to general laws. Similarly we 
explain a law by bringing it under a more general 
law. Thus explanation involves generalisation. 
Induction also takes into consideration the points of 
resemblance amongst the data of inference and nn 
the ground of this resemblance we generalise the 
particular events and draw the inductive conclusion. 
Thus Induction and Explanation both depend on 
similarity and generalisation. On the other hand 
when there is no such resemblance there can neither 
be any generalisation, nor induction ,nor explanation. 

It has also been pointed out that real scientific 
explanation of facts consists in discovering their 
causes and the explanation of laws consists in dedu- 
cing them from higher laws. But these causes are 
to be established by inductive reasoning and the 
laws which are riot axiomatic are also established by 
the inductive process ef reasoning. Thus it is 
induction which makes explanation possible. Hence 
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it IS truly said that explanation is the goal of induc- 
tion and induction is the process by which explana- 
tion is made possible. 

^ But we may notice liere tliat explanation 
contains within it some processes of deduction, for 
wo know that explanation consists in deducing the 
particular fact or law in question from a cause or 
a^ law. When we are to explain a fact, e. g., the 
rise of water in a common pump we do it .by show- 
ing how it follows from the working of the causes or 
laws governing the fact, viz, the law of the atmos- 
pheric pressure, the law of the distribution of force 
in a liquid, the law of givavity, etc. But we should 
remember that these laws arc not assumed to bo 
true but are already found to be true by means of 
induction. Ordinary deduction aims at formal 
truth and so in it the premises are assumed but 
explanation aims at material truth and so the laws 
and causes by means of which objects are explained 
cannot be assumed but should be established bv 
means of previous induction. So explanation is 
possible at an advanced stage of science when some 
laws have been established by induction. Hence 
explanation ma}'^ be said to be a process by which 
we show how an unknown or new fact or law is the 
reproduction of the known facts or laws in a new 
form. This process of reasoning is surely deductive 
in character. But we should bear in mind that 
such a deduction is different from syllogistic deduc- 
tion which aims at formal truth and in which the 
premises are assumed. 
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Explanation is closely related to Hypothesis. 
We have found already that the aim of hypothesis 
is to discover the cause of a phenomenon or the law 
according to which certain agents behave or the 
collocation necessaiy for the production of a pheno- 
menon. How when these things are found out the 
phenomenon under investigation is said to be 
explained. Thus lypothesis aims at the explanation 
of the facts and phenomena experienced by us. 
Similarly the aim of classification is the explanation 
of the facts to be classified. An object is brought 
under a class when it possesses the essential attri- 
butes of that class, i. e., when it is assimilated to 
that class. We have found already that this assimi- 
lation is a form of explanation. In modern scienti- 
fic classification the nearness of descent has been 
substituted for the old principle of affinity or 
resemblance, and so iiowadaj's things that are 
similarly produced are brought under a class. Thus 
in modem classification we are required to find out 
the causal basis, and we have seen already that in 
explanation also we are required to find out this 
causal basis. The remarks of Hobhouse that “in 
classifying we describe what is ; in explaining, what 
must be, and whj it must be : in classifying, we do 
not look for antecedents ; in explaining, we so ana- 
lyse the antecedent as to show the ground for the 
consequent" are applicable to the old method of 
classification which viewed the world in its statical 
aspects. But these are not applicable to the modern 
classification as determimed by the doctrine of 
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evolution which views the world in its dynamic 
aspect. 

In the same way it can be pointed out . that 
definition also aims at explanation, for a term is 
understood by us when we get its definition. When 
we come across a difficult word we open a dictionary 
for its meaning or definition. When the meaning 
is found out the word is said to be explained. Defi- 
nition also involves classification as in it we are 
required to mention the genus and the differentia 
and classification has been already found to be a 
process of explanation. Besides definition unfolds 
the essential attribu tes implied b}’- the word defined 
and the detection of these essential attributes is 
the basis of assimilation which is a form of explana 
nation. In fact the aim of all knowledge is the 
explanation of the diverse facts of our experience. 
Hence it can be safely said that the explanation is 
the goal of all the sciences and the processes of 
logic. 

5. The Limits of Explanation. There are cer- 
tain things, facts, and laws which cannot be explained 
either on account of these facts and laws or on 
account of the imperfection of thejhuman understand- 
ing 

(1) We cannot ex'plain the fundamental 
states and processes of consciousness. These states 
and processes are peculiar in kind and do not resem- 
ble with one another and therefore they cannot be 
deduced from or generalised into any other state of 
mind. So they cannot be explained. We can feel 
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these states and processes but ^ve cannot explain 
them. The sensations of smell, taste, sound, pleasure, 
pain etc., fall in this class. It should be noted that 
■where deduction and assimilation are not possible 
explanation also is not possible. 

(2) The primary qualities of matter such as 
extension, figure, resistance, -weight, motion, densit}-, 
elasticity etc , cannot be explained. They are also 
peculiar and distinct in kind. We know that they 
exist but "we do not know why they exist. Here also 
assimilation and deduction are impossible. 

(3 ' We camnot fully and completely explain 
nature, its objects and events, for we know that 
scientific explanation consists in referring things 
and events to their causes. Now these causes also 
have their causes, and so on. Thus we see that in 
order to fully explain a thing or event we are to 
arrive at the first cause of the universe together 
■with the intermediate causes which is simply an 
impossible task. Hence it follows that we cannot 
explain anj^ thing or event fullj* and completely. 

(4) We cannot explain the fundamental axioms 
of thought such as the uniformity of nature, the law 
of identity, non-contradiction, and the excluded 
middle. These are assumed in all kinds of thought 
and reasoning. So every explanation also assumes 
these, and so they cannot be explained 

(5) The individual characteristics of facts and 
phenomena cannot be explained because they are 
practically infinite in number and character. So 
these cannot be assimilated to any other known fact 
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or law. A common pencil which we use every day 
and night is related to all the things of this world 
including the distant stars. Besides the arrange- 
ments of the atoms and the fibres of the wood of the 
pencil and many other things by which we distin- 
guish one pencil from another cannot be explained. 
Similarl}^ the 'personality of a man is so verj’ com- 
plex that it cannot be assimilated to any known fact 
or law and so it cannot be explained. We know the 
particular things and phenomena onl}!- partiallj^ and 
so we cannot explain them fully. 

6. The Fallacies of Explanation The errors 
or fallacies which we generally commit in explainin'^ 
a fact or law are of various kinds e, g., 

(1) When we are asked to explain a thing or 
phenomenon we sometimes say that it is too simple 
to require any explanation or we say that it is known 
to every body. But this surely is not explaining the 
thing or phenomenon — this is in a way refusing to 
explain the fact or phenomenon. 

(2) When we demand an explanation for every 
fact or phenomenon which we meet Ave commit a 
fallacy for we have seen that there are man}’- things 
such as axioms, the primary qualities of matter and 
mind which cannot be explained. 

(3) , It is a fallacy to explain a fact or pheno- 
menon by analogy, e. g., in explaining a camel if we 
say that it is a ship of the desert or in explaining 
milk Ave say that it is like water Ave surely advance 
analogy for explanation. 

(4) Similarly it is Avrong to explain a fact or 
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])henomenoii by giving only its sj^nonyin. Sucli an 
explanation, is said to be circular explanation and it 
involves the fallacy of petitio principii. Pleasure 
is a kind of happiness. Opium produces sleep because 
it has soporific virtue. These are the instances of 
circular explanation. 

(5) It is wrong also bo explain a fact or pheno- 
menon by substituting a fiimiliar conception for an 
explanation, e. g., if in explaining the eclipse of the 
moon we sa}' that it is caused b}-- the swallowing up 
of the moon by a demon we shall be guilty of a 
fallacious explanation. 

(6' Explanation by means of fictitious agents 
or 'Supernatural things are erroneous. Popular 
explanations also are fallacious, It has already been 
pointed out that analogy is no explanation. Simi- 
larly negative statements cannot be treated as 
explanation, 


Cir •iilar 
'-‘xjilanatioji. 


Fi"ur.ativii 

explanation. 


Sujierir.i- 
tiival expla- 
nation. 


7. Exercises. 

think to be the nature and 
function of Popular Explanation ? 

2. What do you consider to be the nature and 
runction of Scientific Explanation ? 

3. What are the forms of Scientific Explana- 
tion . Explain and illustrato thnin clearly. Can 
every thing be explained scientifically ? 

4. Elustrate the various fallacies of Explanation. 

o. Explain and illustrate Figurative Explana- 
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tion, Circular Explanation, Analogical Explanation 
and Supernatural Explanation 

6. What is the relation between (a) Explanation 
and Induction, b) Explanation and Classification, (c) 
Explanation and Hypothesis, (d) Explanation and 
Deduction, and (e) Explanation and Definition. 

7. _ What is meant by Explanation in Science ? 
Describe and illustrate the different forms of Scien- 
tific Explanation, Show how Explanation is related 
to Induction, 

8. Distinguish between Popular and Scientific 
Explanation, What are the limits of Explanation ? 

9. Discuss what is meant by Scientific Explana- 
tion and show the relation between Explanation and 
Classification. 

10. The goal of Science and Induction is Expla- 
nation, but the explanation of nature can never be 
completed. Explain this. 

11. Discuss the connexion between the scientific 
explanation of a phenomenon and the assignment 
of its cause. 



CHAPTER XIII 
Classification. 

I. Definition and Nature of Classification. 

Classification has been defined by Carveth Read as 
a mental grouping of facts or phenomena according 
to tlicir resemblances and differences, so as to serve 
."orae purpose.” From this definition it is clear that 
classification is a mental grouping as opposed to 
actual or physical grouping of things or objects as is 
found in a museum. A class implies practically an 
infinite number of individuals existing in the past, 
present, distant and future. The actual gi’ouping 
of all these objects is physically impossible. In a 
museum only the samples or specimens of the 
varieties of a class are collected and so the arrange- 
ment found in a museum is not a logical classifica- 
tion though it illustrates logical classification and 
is grounded on it. It is therefore not correct to. 
say that a class is nothing but the objects contained 
under it. 

We also find in the definition that the mental 
grouping implied by it is grounded on the 
resemblances and differences of the objects 
classified, i.e , objects tha,t! resemble one another are 
grouped together and a class .is formed with them 
while those which differ' from' thes'e objects are 
excluded from this class. In scientific classification 
these points of resemblance must ‘be essential and 



340 


logic 


at the same time numerous, whereas popular 
classification is grounded on the •superficial points 
01 resemblance. 

From the definition we also find that the mental 
n grouping of facts must have some purpose in view 
Therefore random, aimless grouping of facts cannot 
be said to be classification. The aim of scientific or 
). ogieal classification is the attainment of knowledge 
of the objects classified with a view to form a 
systematic conception of the various facts and 
phenomena experienced by us. The aim of popular 
classification on the other hand is the realisa- 
tion of some special purpose other than the knowledge 
ofthe objects classified. The same objects can be 
arranged or gi-ouped into various ways according to 
the principle selected or the purpose for which the 
classification is made, e.g., the students of a college 
can be arranged according to their accademical 
stage, according to their age, according to their 
religion, according to their district, -.comiilexion. 
health, strength, caste etc. We have seen alrea-ly 
how terms and propositions are classified in diflTerent 
ways according to different principles. The -books 
of a library also can be classified according to the 
language in which they are written, according to 
their subjects or size or according to the alphabetic 
order of the names of their authors or according to 
the year of their publication, etc. 

2. Forms of Classification- 

Classification . is generally divided into two • 
classes, viz., popular and scientific. When we- 
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classify birds according to their beauty our 
classification is termed popular or artificial because 
the points of resemblance and difference are wholly 
superficial or artificial. When we know the beauty 
of a bird, the size or colour of a book we hardfy 
know what it is. So this sort of classification 
hardly gives us any information regarding the things 
and phenomena classified and so knowledge cannot 
be the end in view here. It only serves some 
practical purpose. For this reason such a classification 
IS also called practical or technical classification. 

The end in view in scic/atijlc chissi-fication, on 
the other hand, is the direct attainment ot the know- 
ledge of the objects classified. Indirectly it may 
serve many other purpose practical or artificial. 
When our classification is grounded on the most 
numerous and the most essential points of resem- 
blance it is called scientific. In order to make a 
scientific classification we should carefully analyse 
the facts and phenomena and find out the essential 
points in which they resemble one another and base 
our classification on these points of resemblance. As 
this sort of classification gives us information as to 
the inner nature of the classified objects it is also 
called natural classification. But strictly speak- 
ing by natural classification we mean the mental 
grouping of the objects of this world into- the classes 
wliich are found to exist in nature from the begin- 
ning of this world and are believed to be different 
from one another so completely that there is no 
possibility for one class being developed into another. 
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Classification of books into History, Mathematics, 
Literature; etc is one of this kind Similarly the 
classification of animals into rational and irrational 
also falls into this class. The classification of animals 
according to their anatomical structure is a scienti- 
fic classification. 

Artificial classification is grounded on super- 
ficial resemblance and has a special end in veiw. 
But essentially different objects may agree in 
superficial attributes. Books on history and mathe- 
matics may be similar with respect to their binding 
and size. H^ence in artificial classification objects 
which are essentially different may be grouped into 
a class while objects which are essentially similar 
may be placed into different groujis on account of 
their superficial difference, e. g., when books are 
classified according to size, books on mathematics will 
fall into different groups because they are of 
different sizes. 

Strictly speaking all forms of classification 
whether popular or scientific may be termed artifi- 
cial for both of them serve some human purpose and 
are formed by human beings. Things and pheno- 
mena that are classified by us do not bj’- themselves 
form into classes All classifications again may be 
called natural because the points of resemblance on 
which classification is grounded exist in the objects 
which are classified. The colour, size, etc, on which 
artificial classification is made all exist in the objects 
classified and are not formed by the imagination of 
the person who classifies. Hence the division of 
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classification into natural and artificial is not sound 
logicallj^ though practically it is quite useful. 

Classification again may be general and special. 
It is called special when it has some particular, 
special or practical purpose to serve such as garden- 
ing, hunting, racing, etc. It is called general or 
scientific when the end in view is merely knowledge. 
This sort of classification can be met with in Zoology 
and Botany. 

3. Classification by Definition. This form of 
classification consists in first of all defining the class 
that we are going to form and then gathering into 
it all the objects possessing the attributes indicated 
by the definition, and rigidly excluding from the 
class objects that do not possess any one of the 
attributes mentioned by the definition. According 
to 51 ill all scientific classification is grounded on 
the definition of the class formed, because in a 

' scientific classification we should group together 
into a class all those objects which resemble with 
respect to a large number of essential attributes. 
■ Now these essential attributes constitute the defini- 
tion of the. class formed. Thus the very definition 
of scientific ’ classification points out that it is 
grounded on definition. 

4. Classification by Type. In -opposition to 
51 ill, Whewell supports the doctrine of Classification 

' ^3' Type. By Type is meant a typical, or eminent 
Example, model or representative of a class embodj^- 
ing all the essential characteristics of that class in 
a conspicuous way. Classification by Tj’pe consists 
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in first of al) finding out the type and then forming 
a group around this type with all those objects 
which resemble this type. In such a classification the 
selection of the type is the most difficult task because 
the type is not any and every member of a class— 
it is that member which possesses all , the qualities 
of the class in a prominent degree and these qualities 
constitute the definition of the class formed. Thus a 
type supposes the definition of the class of which it 
is a type and so classification by type requires the 
help of definition. Yet the question has been asked 
whether in classification we begin with a definition 
or with a type, Naturally and psychologically we do 
begin with a type, but scientifically we ought to 
begin with a definition. Ordinarily we take a type 
and form a class around it, i.e., bring all the objects 
resembling this type under one class. A child, e.g., 
first comes to know a dog and using it as a tyjie 
forms the class dog with all the creatures resem- 
bling that type. But in such a classification any 
and every individual serves the purpose of a type. 

Both the processes of classification have got 
their own importance. There are objects which 
cannot be defined and of which we h irdly know any 
thing and yet they are to be classified. In a case 
like this we follow Whewell, get a type and form a 
group around it The greatest, advantage of a type is 
that it marks the centre of a class and it recognises 
the dynamical aspect of nature. While definition 
marks the boundary of a class and recognises only 
the ^-statical aspect of nature. Evolution tells us 
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that there is a continuous process of development 
going on in nature and the type represents the 
highest developed individual of a class and the 
marginal instances represent the lowest developed 
individual of a class. Definition ignores this develop- 
ment and gives us an account of the important 
attributes which are common to all the individuals 
of a class, undeveloped and the highest developed 
being. But accurate idea of a class cannot be formed 
from the attributes possessed by the undeveloped 
members of the class. The best possible idea of a 
class can be formed when we are shown the typical 
members of a class. But it has already been 
pointed out that type supposes definition and so 
classification by definition cannot be ignored. 

According to Jevons when we know our objects 
pretty well we should begin with a definition other- 
Avise our classification would not claim any scientific 
accuracy. But there is no denying of the fact that 
a type always suggests a definition and it is for this 
reason a type always helps us in classifying objects. 
Thus we conclude that both these forms of classifi- 
cation have their own value. 

5. Cldssification by Series, When we arrange 
the objects of a class in a graduated scale according 
to the variation of some feature or features our 
arrangement becomes a classification by series, e.g., 
the students of a class can be arranged in a series 
according to the development of their intelligence . 
If we trace the genealogy or development of the 
different varieties of the same species and arrange 
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them in a genealogical table showing their descent or 
gradual rariatmn then our arrangement will be called 
classification by series. “Such a form of classification 
is convenient and useful when there is a progress and 
where the property developed has a commanding 
importance” (Bain). We know that there is a class 
of animals which possess backbone. Bub this back- 
bone has undergone wonderful variations in mam- 
mals, birds, reptiles, amphibia and fishes. If we 
arrange all these creatures according to the develop- 
ment of their backbone then our classification will 
be a classification by series. Mill lays down two 
requirements or conditions of classification by series, 
viz., (i) we should first of all bring into one class all 
kinds of objects which possess a particular attribute 
in whatever form, and (ii) secondly we should 
arrange all these objects in a series according to the 
degree in which they exhibit, beginning with those 
which exhibit most of it, and terminating with those 
which exhibit least {System 0/ Logic; Bk. IV, Ch. 
VIII sec.l). 

Such a classification is also ' called Classification 
ns a gradation of classes because in it classes are 
arranged according to the gradual variation ol’ 
these classes with respect to some attribute. The 
students of a school or college are arranged according 
to the various grades to which they belong. 

6. Index classification. The arrangement 
of the contents of a book scattered over its pages 
according to the alphabets of the language in which 
it is written is called Index or Diagonistic Classi- 
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fication. This sort of classification helps us in 
finding out a topic that is scattered over the pages 
of a book. Such a classification is also extended to 
scientific arrangement of objects. We find that one 
and the same attribute is possessed bj* a vast 
number of objects belonging to different classes. If 
we bring under one attribute all the objects that 
possess this attribute then this grouping will be 
called also index classification. Such a classification 
is also called diagonistic classification. According 
to Fowler such a classification is peculiarly easy of 
application andean be much more easily learnt than 
a natural system. It thus often serves the purpose 
of a key, by which we may easily discover the place 
ofa group in a natural sj’stem” {Inductive Logic, 
p. 50). Such a classification is to be met with in 
Botany and the books on medicine. 

' 7.^ Deductive and Inductive Classification. 

Classification may be either deductive or Inductive. 
Deductive classification is called Division. It 
consists in dividing a class into sub-classes and these 
sub-classes into smaller ones and so on till the lowest 
classes are arrived at. Thus it is a process in which 
we move firom a bigger class to smaller ones, i.e., we 
proceed downward from more general to less general 
classes. Inductive classification or classification 
proper consists in grouping individual objects into 
classes according to their points of similarity and 
difference and these classes again into higher classes 
and so on till the highest class or the summum genus 
is reached at. In this process we proceed upward 
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from the less general to the more general or from 
individuals into classes and so this form of classifi- 
cation is called inductive. Both these processes are 
interdependent, We cannot materially divide an^* 
class without knowing and examining "the indi- 
viduals comprising that class. Similarly we cannot 
classify objects without admitting that they are of 
similar nature to a certain extent and framing a 
hypothesis to the effect that they belong to the 
same class, However there -is no denial of the fact 
that in some processes deduction is prominent 
whereas in othei’s induction or the process of 
generalisation is prominent. It is by tliis promi- 
nence that the nature of the process is determined, 

8. Mill s doctrine of **ReaI and Natural 
Kinds.” By Real or Natural Kinds, Mill means 
classes of things and beings existing in nature which 
are rigidly separated from one another. These 
classes differ from one another by a complete dia- 
meter of being. There being no similarity amongst 
them impassable gulfs intervene between them, 
so that the development of one ' class, e.g. 
monkey, into another class, e.g., man, as is supposed 
by the doctrine of evolution, becomes wholfy im- 
possible. These classes will remain for ever distinct 
and separate and no class will merge into another. 
The doctrine of evolution supposes a common descent, 
whereas the doctrine of natural kinds supposes differ- 
ent origin for different classes or special creation. 
It is for this "reason that the natural kinds axe 
separated from one another by an infinite number 
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of difterences of which some are known and man}' 
are unknown. 

The doctrine of evolution maintains on the 
contrary that there is no gap in nature. Classes or 
species of things such as plants and animals all 
spring from a common stock. There is no rigid line 
or gulf separating one class from another because 
a class merges into another. 

9. Classificaiion modified hy the doctrinfie of 
Evolution. The theory of Evolution and Danvin’s 
doctrine of the origin of species have modified the 
old method of classification to a very great extent. 
In the first place Darvin has established that all 
living things and beings are blood relations arising 
out of a common stock and that by affinity we 
should mean not simply resemblance but nearness 
of common descent and in classificaiion we are 
simply to trace the genealogy of every form. So 
according to the principle of evolution we should 
bring under one class all those objects which are 
similarly generated and the general scheme of 
classification should he to trace the genealogy of 
all the different species and thereby show that they 
are all originated from the common stock. 

In the second place the fixity of species and 
Mill’s doctrine of natural kinds have been discre- 
dited. The theory of evolution maintains that one 
species becomes developed into another under the 
influence of circumstances. According to this 
doctrine classification becomes simply a rejlresen- 
tation of the natural objects as developing in time. 
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In ths third place the nature of classification 
has been modified by evolution. The law of causa- 
tion has been substituted for the principle of 
co-existence. In defining a species we .ordinarily 
describe its co-existing attributes but according to 
the doctrine of evolution we are required to point 
out how it has sprang up from the common stock 
under the influence of circumstances. 

10. Cylctssificdtion ccnd Definition. Classifica- 
tion and Definition are interdependent because in 
classification we arrange individual objects into 
classes and these into higher ones on the basis of 
some essential common attributes jDossessed by these 
individual objects. Now in definition we explicitly 
state all these common essential attributes of the 
class. Thus classification cannot go on without 
knowing positively the common essential attributes, 
i. e , without defining the class. We have seen 
already that scientific classification is grounded on 
defimtion. But this definition remains implicit in 
classification. We have also found that even in 
classification by type we require the help of defini- 
tion in finding out the type because a type possesses 
most prominently the essential attributes of the class 
ofAvhich it is a type. But popular classification 
which is concerned with the superficial attributes 
has hardly any thing to do with definition. 

Similarly we cannot define a cl^s without at the 
same time bringing the defined objects under a 
higher class. We have seen already that in defining 
a term we are required to mention the genus and 
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the differentia (Definition per genus ei diffetentia.) 
So in defining a term we must classify it. Hence 
we conclude that classification and definition are the 
two aspects of one and the same thing. 

We may note in this connection that definition 
is concerned with connotation whereas classification 
is concerned with denotation. But we liave seen 
that connotation and denotation are interdependent 
and so classification and definition cannot but he 
interdependent. 

11. Classific iion uu'l Induction. In classifi- 
cation we clearly Ibilow the inductive process of 
i-easouing, because in it we simply start with some 
individual objects and aftei' comjiaung and exami- 
ning them bring those objects vhich have in com- 
mon a number of essential attiibutes and other 
similar unexamined objects under one group or 
class. Thus the class formed contains not simply 
the objects that we have examined but also a vast 
number of unexamined objects. Thus in classifica- 
tion we proceed from some cases to all cases or from 
the particulars to the genei’al, wliich is the charac • 
teristic of the inductive process of reasoning. We 
follow this princijile also in classifying groups into 
higher groups. When we find that A ^ is x, A„ is 
X, As is X., A4 is X, and so we conclude that A„ 
is X, i. e., All A’s are x by the inductive process 
of reasoning, which is the same thing as saying that 
oj -^^ai -A- 4, etc., all belong to a class. Thus the 
result of induction is classification. Similarly when 
we find that Earn is mortal, Jadu is mortal, John is 
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mortal, Mahmud is mortal, we conclude inductively 
that all men are mu-tal, i, e, Ram, Jadu, John, 
Mahmud, etc., are all brought under the class of 
mortal beings. Thus here also we find that induc- 
tion leads to classification, Inductiou also presup- 
poses classification because when we study a number 
of individuals for an inductive generalisatisn ^ve at 
•least tentatively suppose that these individuals 
belong to a class. Our examination of Ay, Ag, A 3 , A 4 , 
supposes that they belong to the same class. 
Similarly the examination of Ram , Jadu, John and 
Mahmud, etc., rests on the supposition that they 
all belong to the class — man. Besides we have seen 
already that for the purpose of scientific investiga- 
tion the world must be divided into small depart- 
ments and these departments into smaller and 
smaller ones. Thus scientific investigation including 
induction depends on and presupposes classification. 
So “it is often highly important, if not essential, to 
arrange these phenomena in groups, as well as to 
determine the order in which these groups them- 
selves shall be arranged. Hence the importance of 
laying down correct rules for classification in a 
System of Inductive Logic.” (Fowler’s Inductive 
Logic, p. 47 . 

But we shuld notice in this connection that classi- 
fication rests on the principle of co-existence 
whereas Induction rests on the principle of causation 
and the uniformity of nature. In classification we 
view things as stationary while in induction we 
consider the changes of these things and their laws 
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:iiid causes. Hence classification views nature in its 
statical object Avhile induction views nature in its 
dynamic aspect. 

12. Classification, Generalisation, and Con cep - 
UoTi. 'i’hese are all allied processes. Conception is a 
process by which we form a mental image of a num- 
ber of individual objects ivith the help of their 
common^ esential attributes which constitute the 
connotation of the mental image. Whereas in classi- 
fication we arrange objects under groups according 
to their important points of resemblance. Thus in 
classification importance is placed on the denotation 
of the class formed. Generalisation is also based 
upon similarity or identity of nature' or the conditions 
of the objects generalised. Classification supposes 
the idea of a class, i. e., a concept and so does 
generalisation. AH these processes again involve 
analysis, comparison and abstraction and are 
ultimately based up6n the essential attributes of 
indmdual objects formed into a class. It becomes 
impossible to have the one without the other. 

In conception and classification we examine 
only a small number of individuals, yet the concept 
and the class formed comprehend' practically an 
infinite number of objects. This becomes so ' on 
account of the -generalisation involyeii' in them. 
Generalisation 'is a process by which a truth found 
in some cases is, extended to- a class of cases existing 
in the pasl^ present and future. Therefore without 
the supposition of a class and so without the supposi- 
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In our experience we come across individuals 
only. By analysis and comparison we detect their 
common essential attributes. In order to make 
conception, classification and generalisation possible 
these common essential attributes should be separa- 
ted from the. individual peculiarities of these objects. 
This process of separation is called by the name 
abstraGiion. Thus conception, classification and 
generalisation all depend on- abstraction. So these 
processes are all inter connected. 

13. The Uses of Classification. The first use 
of classification is the better understanding of the 
facts of nature. An object presented to our experi- 
ence is understood when we find out its similarity 
and difference with things that have been already 
known or in other words when we draw a relation 
between it and the already known objects i.e , when 
we bring it under a class. Ab Jong as we fail to 
do this our mind remains in a puzzled state and as 
soon as we refer an object to a known class we feel 

a great deal of relief. In short classification explains 
the facts of nature. 

The second use of classification is to . aid the 
memory , i. e., in helping us to remember the facts 
of our experience. It is very difficult ' to remember 
objects mdividualJy distinct .and separate. The 
more scientifically the objects are classified the 
stronger and more numerous becomes the bond of 
association and the less becomes its possibility of 
being forgotten. Classification aiding memory gives 
us control over our ideas and experience. 
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Classification also suggests hypothesis and as 
such helps us in drawing inductive inference. We 
know that things similar in some respects are likely 
to behave similarly in others. When a new metal 
is discovered we at once say that if it is heated it 
will expand on the ground that other members of 
the class, metal, expand when they are heated, 

14. The Rules or the Method of Classification, 
We should follow the following rules in classif}dng 
any multitude of given objects. In fact these rules 
indicate the method we should follow in classifying 
objects. Sometimes they are wrongly called the 
conditions of classification. By the conditions of 
classification we mean the rules which we should 
follow in testing a classification or the rules which 
every classification should follow in order to be valid. 

(1) Place together in groups those things that 
ho.ve in common the nost numerous and the most 
essential oMrihates. This is said to be the golden 
rule of classification. 

(2) Connect those groups that have the greater 
resemblance, and separate those that have the 
greater difference, 

(3) Graduate the classification upwards in 
a series so as to form higher and wider classes 
till the summum genus is reached, 

(4) The proximity of the sub-classes should 
he determined by the degree of their Wceness and 
affinity, and the distance by their difference 
and variation. 
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We have already seen that according to Mill 
and Jevons we should first of all define'^the class 
that we are going to form and them , bring within 
it those objects that possess the attributes implied 
by the definition. But according to Whewell in 
order to classify individuals we should first of all 
get hold of a type and then form a class round this 
tyrpe. We alrhaveeady seen that the selection of 
tj^pe IS poss ibleonly when the definition is known 
and so classification by type supposes classification 
by definition. Hence we conclude that scientific 
classification should be grounded on definition and 
this has been embodied in the first rule of 
classification. 



INDUCTION’ .S57 

15. Illustrations of dasBification. 

Furniture 

^ J 

Warmth Fabrics Supports I^Ienns of Culfur-' 

T~ i I i 

( arpets Mats furtniup ! 

I I 

.1 I I ! 

Chairs Sofas 'lables 

. ... ^ ____ 

Books Pictures I^Iusical Instrumonts. 


Poetry Novels Travels Flc, 

Here Furniture ina}* be called a Kingdom, 
warmth fabrics, Suiiports and Means of Culture ma)- 
be called Genus : Carpets, mats, curtains, chairs, 
sofas, books etc are the sjiecies, while Poetry, Novels, 
etc., are the varieties of the .species, Book. 

' Illustration of Classification from C. Read’s 
Logic explaining various technical terras such as 
Kingdom, Sub-kingdom, etc. 
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Kingdom ; 


Animal Kingdom 


Sub-King- 
dom ; 


Class : 


Sub-Class : 

Division ; 

Order ; 

Section : 
(Family) 

Genus : 

Species : 

Variety ; 


Vertebrates Invertebrates 


» o I . ' 

j Sauropsida Ichtbyopsida 


Mammals Birds Reptiles Amphibia Fishes 


Placental Implacental 


Monodelphia Dide phia Ornithodelphia 


Quadrumana Rodentia Carnivora Ungulata Caetacea 

1 etc. 


I I _ • . , . • 

Pinnigrada Plantigrada Digitigrada 
(Seals etc) (Bears, etc.) | 


I 


Mustelidae Viverridae Hyaenidae Canidae Felidae 

I I. I 

(Weasels, etc) (Civets, etc.) I 

i 

i I I I I I 

Lion Tiger Leopard Puma Lynx Cat, etc, 

I ^ ^ 

African Syrian Cave-lion (extinct) 
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Thus we have the following classes in order 
(1) Kingdom, (2) Sub-kingdom, (3i Class. (4) Sub- 
class, (5) Division, (6) Order, 7 Section or FainiU*, 
(S) Genus and (9'^ Species. To this may be added 
(TO) Variety which represents not a new class but' 
the different forms of a class technical^ called 
Species. It should be noticed that in this classifica- 
tion Genus and S|>ecics are fixed while in Formal 
Lo^ic any class may be genus in relation to i(s 
subclasses and may be a sj)ecies in relation to the 
higher class containing it. 

16. How to test Classification In order to 
test a given classification we should apph- the rules 
by means of which division is tested. We have 
consi lered these rules in connection with Division 
in the Text-book of Deductive Logic nt page 75. 
In logic we are more concerned with the rules for 
testing classification than with the method of classi- 
fication which is the subject matter of the applied 
logic or the positive science. These rules for testing 
the correctness of classification .are also called the 
conditions of classification. The fallacies of classi- 
fication are identical with the fallacies of Division, 

17. Limits of Classification. As classification 
is a scientific statement of our knowledge of objects, 
so things of which we hardly know any thing defi- 
nitely cannot be classified. So the limits of know- 
ledge are the limits of classification. Again we 
have seen that scientific classification is grounded 
on definition and so when the definition of the class 
is not known we cannot form that class. So the 
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limits of definition are the limits of classification. 
From these it follows that (1) the marginal in- 
stances cannot be classified. By the marginal 
instances we mean those objects whiclr partake of 
the characteristics of two classes bat do . not defi- 
nitely belong to any one of them. Hence they 
cannot be brought under any one of them. Sponges 
partake of the characteristics of both plants and 
animals but do not definitely belong to any one of 
them. Similarly jelly pertakes of the characteristics 
of both solid and liquid but do dot belong to any 
one of them definitely. So are the idiots who are 
neither men nor animals though they resemble 
both these classes. These are called marginal in- 
stances. To remove the difficulty caused by the 
marginal instances the classification by type is 
(2) Composite objects whose components 
are always varying such as granite cannot be classi- 
fied (3) Facts and phenomena which vary from man 
to man and even in the same man from time to 
time cannot be classified. Tastes, fashions, whims, 
etc., belong to this class (4) Objects whose charac- 
ters cannot be satisfactorily ascertained cannot be 
classified. (5) Things which are unique in nature 
cannot be classified because in classification we are 
required to detect the points of resemblances which 
unique objects cannot possess, Our elementary 
experiences such as colour, tiaste, smell etc , cannot 
be classified for this reason. (6) There cannot be 
any class higher than the Summum Genus and so 
it cannot be classified. 
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18. Exercises. 

1. How and why do we classify objects ? 

2. Explain the different forms of Classification. 

3. Show how Classification has been modified 
by Evolution. 

4. Explain the significance of Evolution and 
Natural kinds. Which one seems to be acceptable 
to you ? 

5. How should we test Classification ? Is there 
ail}’- distinction between the rules of Classification 
and its conditions ? 

6. Explain whether we should classify by type 
or by definition. Explain in this connexion what 
3'ou mean by tj^’pe. 

7. Explain what you understand by Classifica- 
tion by Series and Index Classification. 

8. Bring out the relation between Classification 
and Induction. Is it in any way related to Con- 
ception and Abstraction ? 

9. What is meant by a Natural Kind or Class ? 
Give an account of Natural Classification explaining 
what is meant by essential or fundamental characters 
as bases of Classification. ‘A class is nothing but 
the objects contained under it’ — examine this state- 
ment of Mill, showing whether it is correct or not. 

10 Explain the nature of Classification and 
Division shoudng how they are related to each 
other. Point out the principal errors incidental to 
each, giving examples, 

11. Explain the sense of the terms —family, 
kingdom, species, variety, order, and genus as used 
in classification, and show their respective places 
in the scale of natural classification, giving exam- 
ples of each. 

12. Explain the nature and use of Classification.^ 
How does it differ from Logical Division ? Dis- - ' 
tinguish Natural Classification from Artificial 
Classification, and give example of each. 
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13. Distinguish between Division and Classi- 
fication. Is Classification based on Type or Defi- 
nition ? 

14. What is Natural Classification ? Is a 
Natural Group determined by a Type or by a 
Definition ? Discuss the question. 

15. What is the point at issue between Mill 
and Whewell regarding the method of Classifica- 
tion ? Which of them do j^ou think to be correct 
and why ? 

16. Explain Classification, natural and artificial. 
Show' that all classification is, in a sense, artificial. 

17. Explain Natural and Artificial Classifica- 
tion, Classification by Definition, Classification by 
Type, and Classification by Series. 

18. Explain the distinction between Natural 
and Artificial Classification. How far is the dis- 
tinction tenable ? State and illustrate the princi- 
pal rules for the right conduct of scientific Classi 
fication. 



CHAPTER XIV. 


Material or Inductive Definition. 

1. Nature of Material or Inductive Definition. 

We have seen already in our Textbook of D eductive 
Logi') that Definition is a statement of the entire 
connotation of a term in a clear unambiguous langu- 
age. Now in' Formal Logic 'we assume that all 
general terms have fixed connotation and in defining 
them formally we are required to state this assumed 
connotation in a clear unambiguous language. Hence 
formal definition is analytic in nature. But in 
material or Inductive Logic we are not entitled to 
assume that terms have fixed connotation — we are, on 
the contrary, required to find out their connotation 
by observation, analysis, comparison, abstraction, 
and generalisation. Hence material definition is 
synthetic in nature. From this it follows that 
inductive definition involves two factors, viz., the 
process by means of which the connotation of a term 
or class is found out, and the statement of this 
connotation in a clear unambiguous language. ■ > 

In -finding out the connotation of a term it is phy- 
sically impossible lor us to examine the practically 
infinite number of objects denoted by the 'term. 
Hence -we can examine only .a handful of objects 
denoted by the term , and so we have to find out the 
connotation of the term -by examining this small 
number of objects. It is by means of generalisation 
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which is a form of inference we maintain that the 
common essential attributes detected by us are 
possessed by all the indi^dduals denoted bj'^ the term 
whether examined or unexamined .by us. Hence 
material definition is gi'ounded on observation, 
analysis, and generalisation which are the funda- 
mental factors of .inductive reasoning. Besides the 
activities or doings causation) of things are deter- 
mined by their essential attributes, and we come to 
understand these essential attributes of things bv 
examining their doin^. Thus being and doing are 
interrelated. Induction is concerned with the doings 
of things, and definition is concerned with their 
beings. So definition is closelj* associated with 
induction and like classification it is treated as a 
process subsidiary to induction. 

We have found already that a general name in 
its denotative aspect implies classification and in its 
connotative aspect implies definition and both the 
processes are based on inference. Definition is also 
a compendious form of Explanation and involves 
assimilation and discrimination. The essential featu- 
res of definition can be gathered from the following:- 

(1) Classes or general terms alone can be 
defined . Individuals can be described but cannot 
be defined, because individuality implies a complex 
of practically an infinite number* of attributes each 
one of. which is an essential factor of individuality. 
The omission of any one of them will destroy the 
individuality and will thereby destroy the purpose 
of definition. 
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(2) Abstract terws oiot indicating elementary 
attributes can be more easily defined than concrete 
terms because such terms are formed by the synthe- 
sis of attributes abstracted from concrete things or 
by the elimination of some of the attributes of con- 
crete things which are found to be variable. But 
abstract terms admit of formal definition. Attribu- 
tives, i. e, adjectives and participles can hardly be 
defined because in defining such a term w’e are 
compelled to state in the definition the abstract 
term corresixmding to the attributive and as such 
the definition of an attributive is bound to be circu- 
lar in nature, 

(3) In the definition we are required to state 
only the fundamental or essential qualities of the 
term to be defined ; so accident and proprium 
must be rigidly excluded from the definition, 

2. Material Conditions and Rules of Defini- 

J 

lion. In defining a term materially we have to 
ascertain its connotation and thereby show its rela- 
tion to the world system of objects and ideas. In 
other words in order to define a term we are 
required to classif}^ it. 

Now in order to achieve this end we should 
follow the following rules 

(1) We should examine a sufficient number of 
individuals forming the class to be defined as well 
as a number of individuals belonging to ,the opposite 
class with a view to ascertain the points of similarity 
and difference (differentia) indicated by the class 
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defined. The examination of the individuals belong- 
ing to the opposite class makes the detection of the 
points of similarity and difference (differentia) 
considerably easier, e.g,, we detect very easily the 
differentia of man, viz,, rationality, when side by 
side with man we examine dogs and other brutes. 
This method of examining the individuals of the 
class to be defined along Avith the individuals 
belonging to the contrary class has been called by 
Bain the positive and the negative method of defi, - 
nition. The number of individuals belonging to a 
class being immensely large we should try our best 
to get hold of the representative varieties of that 
class and examine them carefully, e. g., in order to 
define the class, dog, we should examine the differ- 
ent varieties of dogs found all over the world. 

(2) Then by means of analysis, comparison, 
abstraction,, and generalisation Ave should detect 
those attributes Avhich are common and at the same 
time essential. By the fundamental^^ attribute of 
a class Ave mean an attribute Avhich determines the 
very nature of the class and Avithout wliich it cannot 
exist. It also determines a host of other attributes 
possessed by the members of that class. 

(3) After the detection of the fundamental 
attributes Ave should state them in a clear unambi 
guous language taking special care not to include 
AAdthin this statement any other attribute. '-This 
statement is the material definition of the class 
defined. From this it follows that in defining a 
class materially we should take into account the 
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most imj^ortant and the most numerous points of 
community among the objects constituting the class 
to be defined. This is called the the golden rule of 
definition os well us of classification . 

(4) Lastly in discovering the fundamental 
attributes we should be guided by scientific know- 
ledge and not bj' superficial or popular knowledge 
otherwise our delinition will not be stable and tlu- 
detected attributes will not be fundamental. We 
should use all the possible scientific instruments and 
devices for making the analysis and detecting the 
fundamental attributes. 

But much difficulty is felt in following this 
method of definition on account of two things, viz., 
.(i) the number of individuals that we are required 
to examine is so immensely large that we can hardl}- 
manage them. The variety of these individuals is 
also unmanagably great. Even the representative in- 
stances which we are requii-ed to examine are so very 
• great that we can hardly exhaust them, (ii) The 
second difficulty is created by the marginal instan- 
ces also called frontier instances which partake of 
, the characteristics of two classes but do not defini- 
tely belong to either of them. But this difficulty 
can be removed by forming special classes with 
these marginal instances and rigidly excluding them 
from the class defined. 

To get rid of these difficulties Leiioiilion by 
T'ype has been suggested as a remedy. Such a 
definition, consists in first of all finding the tj’pe of 
the class which we are required to define and then 
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stating that all things resembling that type should 
be called by the name of the class of which it is the 
type (Vide our Textbook of T)eductive Logic, p. 99 ). 
We have seen already that we cannot find out the 
type of a class without knowing the definition of 
that class and without taking its help. Hence the 
Definition by Type does not give us any advantage. 
Popular definitions are generally Definitions by 
Type. But in such definitions any and every 
member is treated as the type. But such a type as 
well as the definition based on it requires constant 
modification in the light of fi'esh experience . If a 
flat nosed, thick lipped man be treated as the 
typical man then the white skinned Europeans can 
hardly be treated as man. This shows the worth- 
lessness of the popular definition by type as a kind 
of definition. Besides a type seems to suggest 
that it is comparatively the most permanent member 
of the class, but experience shows that the most 
developed ones perish more quickly than the other 
members of the class. Definition is really a very 
difficult process, for it is possible only when we 
have acquired a thorough knowledge of the class 
to be defined. But such a thorough knowledge is 
practically impossible for us to attain. Hence the 
logical definition presents us with an ideal which 
we approach no doubt but fail to realise inspite of 
our best efforts. Carveth Bead admits that “the 
statement of a definition approximate, is an honest 
confession that both the definition and classification 
are Jike a provisional hypothesis) merely the best 
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account 'we can give of the matter according to 
our present knowledge ( Logic p. 326 ). 


4. Exercises 


1. Distinguish between Formal and Material 
Definition. 

2 State and explain the method of Inductive 
Definition. 

3. Explain definition by Type. Is it acceptable ? 

4. Explain the nature of Material Definition, 
Does it involve generalisation ? 

5. What are the difficulties of Material Defini- 
tion ? Show how they are to be met giving concrete 
examples. 


•5. “The process of determining a definition is 
inseparable from classification.” Explain this and 
•discuss the difficulties and limits of definition. 



CHAPTEK XV 

Terminology and Nomenclature. 


1. Nomenclature. B_v Xoiiu^nelahire we menu 

a system of the namc.s ofali tiie of objects 

considered by the ditTerent scienceH. In (be natural 
sciences such as I^ohinv Zoolo^^y, (ieologv, etc , 
after examining (he particular ol)jec(s we arrange 
(hem into various groups and these again into higher 
groups, i.e., wc chu’sify the objects. By Xomenclatur.’ 
we give a name (o each of thesro groujjs or classes. 
Thus classification ends with naming. The funda- 
mental jirinciplc followed in scientific nomenclature 
is that our names should bo sign-ifiravt and at the 
same time elegavf, i.e, they should convey the 
essential part of the meaning with the least effort. 
These names also should have fixed precise meanim-' 

2, Terminology. By Terminology wc mean 
a science which describes and defines the things that 

constitute the eJnsses designated by Nomenclature 
as well ns the parts of those things and their actions, 
relations and attributes. Thus Terminology supplies 
(1) a name for every integral part of an object, e. g., 
hand, head, heart, etc., (ii) a name for eveiy meta- 
physical j)art of an object and for their degrees and 
modes, e. g., shape, colour, taste, smell, weight, etc., 
(3) names for all kinds of processes and activities 
experienced such as causation, integi-ation, attention. 
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association, etc , (C. Re;id), and a name for every 
kind of relation existing in the world. In Termi- 
nology also our terms or names should be signifi- 
cant and elegant. Their meaning must be also 
precise and fixed. 

3. Popular Names. The popular use of terms 
is generally vague and uncertain because ordinary 
people do not like to take the trouble of sifting the 
meaning of terms and of coining new terms to 
express new ideas and the varieties of the same 
idea; Altered circumstances also modify the mean- 
ing of our terms to a ver^' considerable extent. 
For this reason science tries to avoid the popular 
names and coin new names and rigidly fix their 
meaning by defining them. Hence the scientific 
use of terms is precise and systematic. 

In coining names of classes science follows the 
method of double naming technically called the 
Binary Method. It consists in coining a name 
of two parts of which one indicates the genus and 
the other indicates the special name for the species, 
the name of which is being formed, e.g., Felis-Leo 
(Lion). Felis-Tigris (tiger) ; Ferrus Oxide, Ferrus 
Sulphate, etc. 

There are two methods by means of which the 
meaning of words is changed, viz,, the process of 
generalisation and the process of specialisation. 

The 'process of generalisation consists of ex- 
tending a name meaning a particular thing to a 
class of things of similar nature, e.g., oil originally 
meant olive oil but on account of generalisation 
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it now means any oily substance such as castor oil, 
kcrosin oil, mustard oil etc, 

The 'process of spccialiscUioii consists of 
narrowing down tlie scope of the application of a 
name, eg,, /o?ci originally meant any kind of bird, 
but on account of specialisation it now ordinarih 
nieans cock and hen. >Similarly nit which originallv 
meant any intelligent person now means a person 
who is able to make a fun. 

Ihe process of generalisation and specialisation 
depends on the following psychological laws of asso- 
ciation : — 

(a) 21ie law of similarity e g., light which means 
a natural phenomena is used for knowledge because 
light removes physical darkness while knowledge 
removes mental darkness. 

(b) The law of contiguity i.e., contiguous things 
become so associated that the name of one of 
them is applied to the other in course of time, e.g., 
crown is used for roj^alty and horse for cavalry. 
turf for racing. 

On account of the formation of new words bv 
means of composition, i.e., bj’ combining old words 
and thereby forming new words the meaning of the 
old words are modified, e.g, log book, mau-of-war, 
up-platform, down train. Similarly by the 
transitive application of words the meaning of 
words become wholly changed. If we find that 
A is similar to B, B to C, C to D, D to E, and E to 
F, the name of A is sometimes extended to F 
though there might not be any similarity between 
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A and F. Such a transition in the meanings of 
words is called the transitive application of words. 
Letters which actually mean alphabets have been 
extended by this process to the postal goods. 
Similarl}- sleeper has come to mean the wooden 
blocks on which the rail road rests. 

For a systematic accurate information about this 
subject we should go to philology. In Logic we 
are required to use term in a definite fixed sense 
and so Logic does not allow any change in the 
significance of terms If we use a term in one sense 
we must use it in exactl}' the same sense without 
an}' variation whatsoever. Terminology and 
Nomenclature are essentially needed not only in 
Logic but also in every other science because we 
cannot satisfactorily exjiress our ideas without the 
help of terms and names and we cannot record our 
knowledge and the truths discovered by us without 
the help of terms and names. Welton says, “No 
classification could long remain fixed without a 
corresponding Nomenclature and every good 
Nomenclature involves a good system of classifica- 
tion.” More correctly classification which is a 
mental process becomes absolutely impossible 
without Nomenclature. 

4. Language and Thought. Being a social 
creature man is obliged to mix freely with his 
fellow creatures and exchange his thought with them. 
But this can be done only with the help of language. 
So language is essentially needed for communicating 
our thought to our fellow creatures. For the forma- 



374 


. LOGIC 


tion of complex thought of the higher kind also we 
need language. Abstract ideas can be expressed 
only with the help of language. Language helps 
our memory and helps us to some extent in retain- 
ing our experiences in mind for some considerable 
time in some fixed groups and relations. Language 
makes our ideas precise and helps us in proceeding 
from one idea to another very easily. It is language 
which gives permanence to our experiences and 
discoveries and enables us to profit by the experience 
of those who have gone before us. The accumulated 
experience of mankind being recorded in language 
has enabled mankind to establish the kingdom of 
man and to bring into existence the modern culture 
and civilisation. Each brute has to learn every 
thing from the very beginning and cannot take 
rhe help of the experience of their ancestors on 
account of their ignorance of a systematic language. 
Thought and language are connected in such a 
fashion that one of them can hardly exist apart 
from the other, and the development of one of 
them depends on that of the other. The cultural 
development of a nation considerably depends on 
the language of the nation. For this reason much 
attention should be paid for the development of 
our vernaculars. 

Question may arise as to whether thinking is 
possible without language. But this problem is 
more psychological than logical. We may say 
only this much here that only rudimentary thinking 
is possible without language. “We can often 
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I'emcmbor with great- vividness: persons, tiling.'^, 
landscapes, changes, and actions of persons or things 
without the aid of language and ma}- form judg- 
ments or inference about them, but without language 
it is impossible for us to form general notions or 
to have judgments and inferences about them.” 
Even generic images help us very little in these 
matters. 

The unconscious region of our mind discovered 
bv the modern psychologists contains tliinking and 
reasoning without the help of language. But we 
remain totally ignorant of sueh a hind of thinking 
unless we are able to study our dreams, errors, 
whims, and idiosyncracies. and divine their meaning, 
■Such thinking falls completely outside the scope of 
Logic. 


5. Exercises. 

1. Explain Terminology and Nomenclature, 
hat are their uses ? h 3 ’ are they considered in 

Logic ? 

^ 2. Explain the distinction between popular and 
scientific names. 

3. Show how the significance of names is 
changed. 

4. What are the requisites of scientific, language ? 

5. Explain the relation between tlmught and 
language. Can there be any thinking without the 
help of language ? 

6. Fully explain and illustrate the use of 
IN omenclature and Terminology. Exhibit the rela- 
tion of Nomenclature to Definition and Classi- 
fication. 



CHAPTER XVI. 

Laws of Nature. 

1. Law and a Law of Nature. The word, 
law, literally means that which is laid down. In 
Politics in which this word was originally nsed, it 
means that which is authoritatively laid down as a 
command by a jwlitical superior to those who are 
politically inferior with a view that it shall be uni- 
formly obej'cd. In case of violation these laws are 
enforced by punishment. The intention of these 
laws is the good of the state, societ}-, or the subjects, 
or the good of the human community. Thus a 
political law implies (1) a law giver, (2) subjects, 
(3) a reference to time and place (4) liability to 
change, violation, modification and suspension, (5) 
beneficial purpose and (6) a desire to have uni- 
formity in the conduct of the subjects. From 
Politics, the word, law, has been extended to litera- 
ture and science where it has been identified with 
any uniformity whatsoever. 

By a law of nature we mean any uniformity 
that can be observed in nature.- Things, beings, 
and forces of nature behave in some uniform way 
and thereby give rise to several laws of nature. The 
laws of physics and chemistry can be cited as illustra- 
tion, The peculiarity of a law of nature is that it 
hasneither any- beginning nor any end and that it 
can neither be changed, suspended nor violated, 
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whereas a political or human law has a beginning 
and can be changed, suspended or violated The 
law of gravitation is a law of nature and the exci.se 
laws prohibiting the sale of liquor without a license 
is a political or human law. 

2. Oietinction between different kinds of Laws. 
A law of the State, i. e., a political law has a begin- 
ning and rests upon the wish of a being having 
political authority and it can be changed, suspended , 
modified, abolished, and violated. It is generally 
negative in character and is enforced b}* penalty 
and sometimes by reward, e, g., you shall not commit 
murder or theft. Political laws are not the same 
everywhere and in eveiy time. 

The laws of nature are not man-made laws 
though they are discovered and interpreted by 
human beings, They have neither any beginning 
nor any end. They cannot be changed, modified, 
suspended or violated. The facts and phenomena 
of the world are compelled to follow them. These 
laws can be counteracted, e, g., the law of gravitj! 
which attracts the punkha downwards is counteractec 
by the ropes and pegs wdth which the punkha i 
hung. But at no time of the counteraction the lai 
of nature ceases to operate and so when the counter 
acting forces are withdrawn the punkha is found t 
fall to the ground and the effect of the law of gravit 
becomes manifest. The laws of nature do not depen 
on the wish of any body hut are grounded on th' 

j eternal principles of nature. They are general! 

j ■ positive in character j^and can be expressed b; 

I 

J 
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bjpothetic.al propositions, e.g., “the path of a projectile 
is a parabola” can be put in the hypothetical form ; 
If a rigid body be projected it will move in a 
parabola. Similarly “If a bod}’- be heated its volume 
will expand” is the h}’}3othetical version- of the 
natural law “Heat expands the volume of material 
bodies”. The laws of nature are everyw’here and 
always the same. The psychological laws are natural. 
They are positive and eternal. They cannot be 
suspended, changed, modified, violated or abolished, 
e. g.. the intensity of sensation increases in arith- 
metical progression as the stimulus increases in 
geometrical progression. 

A law of Logic is 'iiormaiive in character, i, e. 
we ought to follow it in our argument. It can be 
violated at the sacrifice of our reasoning. But it is 
not enjoined by any political penalty. Like the laAv 
of nature it is eternal in character and does not 
depend on the wish of any body but it can be vio- 
lated. The logical laws, the ethical law’S, and the 
laws of hygiene place before us some ideal wdiich is 
different from W’hat actually takes place in nature, 
while the positive sciences tell us how^ the facts 
and phenomena of this world actually behave. 
Hence the laws of Logic, Ethics, and Hygiene are 
concerned with ought, while the positive sciences 
are concerned with is. ■ 

3. Classification of Laws. We classify laws 
according to their degree of generality , or the scope 
of their application. Some laws are :called higher 
because they are more general than others, while 
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some laws are called lower because they are less 
general than others. According to generality there 
are three kinds of laws, (1) the axioms, (2) the 
primary laws and (3) the secondary laws. 

(1) Axioms- These are the laws of the highest 
degree of generality. They are in fact universal 
and self-evidfent. These are assumed by the 
different sciences. Inference is grounded on them. 
The laws of identity, non-contradiction and exclu- 
ded middle as well as the axioms of mathematics 
may be cited as examples. 

(2) The Primary or Ultimate Laws. Next 
in order of generality we have the primary or ulti- 
mate laws. These are the highest generalisations 
made by the different sciences, e. g., the law of 
gravitation in Astronomy, the law of relativity in 
Psychology, the law of definite proportion in 
Chemistry. These are generallj? based on uncon - 
tradicted evidence and are sometimes established 
by the method of hypothesis. These assume the 
axioms and are therefore less general than the latter. 
The particular facts and phenomena observed by us 
in a department of nature ' are at first generalised 
into minor , laws ; these minor laws are generalised 
into higher and higher laws till the highest 1 aw is 
arrived at. Tliis highest law of a particular science 
governing the facts and phenomena of a depart- 
ment of nature is called the ultimate; law of -that 
science. These are pre-eminently the Laws ' of 
Nature according to Bain. 

. (3) The Secondary Laws. Next in order .of 
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generality we have the Secondary taws. These are 
the laws that are arrived at by the generalisation 
0 particular facts of our experience or deduced from 
the primary Jaws and proved bj* them. 1'hese 
have been called by Bacon media aHdmata or 
middle axioms or intermediate generalities. Accor- 
ding to him these must be inferred by generalisation, 
rom a particular group of facts experienced by u.s 
and the.se serve as an intermediate step between 
facts, and the primary Jaws. So according to him 
these Jaws are not deduced from the primary Jaw? 
nor are they established by ,the process of deduc- 
tion. But there are some secondar}’^ laAvs which are 
established by deducing them from the primary 
laws. Hence the scope of the secondary laws is 
gi-eater than that of the middle axioms of Bacon. 
These secondary laws are of great practical value. 

The Secondary Laws are classified in various 
ways 

(i) Derivative and Empirical Laws. The 

Secondary laws are said to be Derivative when 
they ai’e deduced from the primary laws of nature, 
e. g., the law of falling bodies and the law of the 
rise of water in the pump are derivative in nature 
as they are deduced from the primary laws. The 
secondarjf laws are said to be ewpi'iical when they 
are based on uncontradicted experience and are 
inferred by generalisation from experience. These 
empirical Jaws are applicable to adjacent cases: 
in other words these empirical laws have a -limited 
application, i e., they are not universal. They hold 
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good ordinarily only in the neighbourhood of the 
facts and phenomena from which the laAvs are deri- 
ved. The empirical laws are mainlj’’ based on the 
Method of Agreement. Secondary laws based on 
the Method of Difference are sometimes called Deri- 
vative as the}’ are derived from the law of causation 
and the uniformity of nature. The Method of 
Difference we know establishes a relation of causa- 
tion and a law estahlishsd by the Method of Differ- 
ence may be said to be deduced from the Law of 
Causation w'hich is a primary law. Hence there is 
justification for calling the laws established by the 
Method of Difference derivative. Yet the laws 
establisl ed by the Method of Difference are some- 
times called empirical on the ground of our enquiry 
being from facts to laws, i. e., inductive. Mosquito 
causes malaria and quinine cures it ; poison kills 
life, clapping produces sound should be treated as 
derivative laws because they are grounded on the 
law of Causation, yet sometimes they are called 
empirical. AH crows are black ; snow' is white, 
milk is white, scarlet flowers are odourless are all 
empirical laws because they are grounded on 
uncontradicted experience. Some secondary laws 
are at first arrived at empirically but later on they 
become changed into derivative laws by deducing 
them from the primary laws. The law' of tides was 
at first an empirical law but it has been changed 
into a derivative- law by deducing it from the law 
of gravitation which is a primary law. i\n empiri- 
rical law may be described as a law whose why or 
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reason or cause has not yet been ascertained, while 
a.'derivative law may be described as a law whose 
why, reason or cause has been found out. 

(ii) Invariable and Approximate Secondary 
Laws ; Secondary laws are said to be invariable 
when they govern an entire class of facts without 
any exception, e. g., All men are mortal, Seconda 7 y 
laAvs are said to be approximate when they govern 
onh' a part of a class of facts and admit of excej)- 
tion, e. g.. Most metals are solid ; Industrious people 
are successful. 

(iii) Secondary Laws of Succession and 
Co-existence : The Secondary Laws are again 
divided into Laws of Succession and Laws of 
Co-existence. 

The Secondary Laws of Succession are again 
classified into the following : — 

(a) Laws of direct causation, e. g. Fire burns ; 
Opium produces sleep ; Poison destroys life. 

(b) Laws of remote causation, e, g., No cat, no 
clover : No rat no plague ; No mosquito no malaria. 

(c) Laws of succession existing between some 
joint effects : Rains follow the summer in Bihar ] 
Night follows the day ; Report of the gun follows a 
flash of light. 

The secondaiy Laws of Go-existence are classi- 
fied into the following : — 

(a) Geometrical co-existences, e. g,. The three 
angles of a triangle are together equal to two right 
angles. 

(b) Co-existences among the universal pi-oper- 
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ties of concrete things, e. g., gravity co- exists -nath 
inertia. 

(c) Co-existence of properties in natural kinds, 
e. g., animality and rationality co-exist in human 
beings ; a number of qualities are found to co-exist 
in a particular class of trees. 

(d) Co-existences duo to causation, e, g., the 
co-existence of plants in a garden ; the co-existence 
of houses in a town ; the co-existence of light and 
heat in the rays of the sun. 

(e) Certain unaccountable co-existences, e. g;, 
blackness in crows ; whiteness in milk and snow.; 
deafness in tom-cats with blue eyes; absence of 
fragrance in scarlet flowers ( C. Read ), 

4. Classification of Empirical Laws : Empi- 
rical Laws can be at first divided into invariable 
and approximate just like the secondary laws 
Secondly we can divide empirical laws into Laws of 
succession and Laws of co-existence. The law that 
the use of milled rice and impure mustard oil is 
followed by beri-beri is an empirical law of success- 
ion. while the law that scarlet flowers are odourless 
is an empirical law of co-existence 3 here are some 
empirkal laws which are believed to be grounded on 
causation but as. yet their causal ba.sis has not been 
discovered. Such is the case with the ' various laws 
of weather. On the other hand there are some 
empirical laws whose cau.sal basis .'has been dis- 
covered and thereby the empirical laws have been 
changed into derivative laws. Such is the case 
with the law of tides, the cycle of the seasons. 
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There are some empirical laws whose causal basis 
cannot be expected to be found out. Such is the 
case with the empirical laws : Milk is white ; d’om- 
cats with blue eyes are deaf. In classifying empiri- 
cal laws great difficulty is felt on account of the fact 
that the laws which are at present empirical in 
nature may be changed in course of time into 
derivative laws. 

5. The World as a Syiite.Ti of Laws. The 
word, ‘system’ implies a plurality of factors inter- 
connected with one another, each one of the factors 
having a separate function of its own, and all the 
factors jointly try to realise some common goal ; 
and if there be any disturbance in the working of 
any one of the factors the working of the .system 
will be disorganised and the re b}' all the factors 
will suffer. The human body is a system because 
it has a number of inter-connected organs and each 
one of these organs has a separate function of its 
own and all the organs jointly try to realise some 
common goal namely the preservation and perfec- 
tion of the body. Similarly a watch is a .system 
because it has a number of wheels and axles all 
inter-connected with one another and each one of 
them has a separate function of its own and all 
of them jointly try to realise one common goal, 
i. e., to move the minute and the hour hands at a 
regular speed. 

Now when Ave say that the world is a system of 
laws we mean that the particular instances of 
things, beings, and happenings presented to -our 
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experience are not so many isolated uncommon facts 
and phenomena, — they are all inter-connected with 
one another and are governed by some law or laws 
and are jointly trying to realise some common good 
or purpose. There is nothing in this world which 
is not governed by any law because all the facts and 
phenomena of this world are the manifestations of 
laws and are governed by them. The expression 
‘che world is a system of laws’ also means that the 
laws operating in this world are infinite is number 
and that they can be generalised into higher and 
higher laws and ultimately into the highest possible 
law and that all these laws are working in a harmo- 
nious way there being an inherent relation and a 
common nature throughout these laws with a view 
to realise some common purpose or good. Hence 
the conception of the world as a system of laws leaves 
zio room for miracle or chance. The apparently 
uncommon phenomena such as earthquakes, storms, 
cyclones, war and the like are governed by laws and 
have functions to perform for the realisation fo the 
world’s highest good. 

The aim of Inductive Logic is to show that the 
particular instances presented to observation and 
experiment can be brought under laws which again 
can be generalised into higher and higher laws and 
ultimately into the highest possible law. ' The aim 
of Deductive Logic is to show that all the particular 
instances that we come accross in our' experience 
follow from the most fundamental and ultimate law 
of nature. Though we have not attained this position 
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either in Logic or in any other science yet we 
have got sufficient data to take for granted that the 
world is a system of laws and we hope that with, the 
increase of knowledge and the progress of science 
this truth will be more convincingly established. 
Thus it follows that the aim of Logic is to show 
that the world in which we live, move, and have our 
being is a system of laws and . not a conglomeration 
of chance facts and phenomena. 


6. Exercises. 

1. Explain the significance of Law in Politics, 
Science, and Logic. 

2. r istinguish between a positive and a nor- 
mative law. What kind of law is a law of the 
State ? 

3. Explain what you mean by a Law of Nature. 
Can such a law be modified ? Explain the nature 
of the Laws of Psychology, 

4. Explain how Lav s are classified. Illustrate 
the different kinds of Laws. 

5. Explain what you understand by the World 
as a system of Laws. Can there be any miracle ? 

6. Explain what you understand by Laws of 
Nature. How are they classified ? What precisely 
is meant by an Empirical Law ? 

7. What is a Law of Nature? How does it 
differ from an empirical law ? Explain the use for 
science of the discovery of empirical laws. 

8. What is a Law ? Distinguish between a Law 
of the State, a Law of Nature, and a Logical - Law 
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illustrating your meaning by examples. Classify the 
i^aws of Mature, explaining your classification. 

Laws Secondary and Empirical 

10, ^Y^y should Laws of ISlature be expressed 

as tendencies ? ^ 

11. _ Do the Laws of Nature rest on any primary 
assumption ? How are_ such laws established? 
iifXpiain and illustrate their different forms. 

12 Mention the different Methods of classifying 
oecondary laws that have been adopted. 

Hi, ’^^‘^erstand by a Law of Na- 

tuie ? Distinguish between Primary and Secondary 
^aw, and explain and illustrate the different kinds of 
the latter \Vkat do you understand by the expres- 
sion that the World is a system of Laws ? 

14. W^t are Laivs of Nature ? Define and 
exemplify Ultimate, _ Secondary, Derivatiye and 
Empirical Laws, showing their relation to one ano- 
they Po which class will those laws belong which 
are founded on the Method of Agreement ? Dive 
your reasons yuth examples. 



CHAPTER XVII. 


Inductive Fallacies. 

1. The Nature of Inductive Fallacie**. By 

the Inductive fallacies we mean all those mistakes 
which we commit in connection with inductive 
reasoning and the processes subsidiary to Induction, 
such as Observation and Experiment, Explanation, 
Classification, etc. The material fallacies -of Dedu- 
ction are generally treated along with the inductive 
fallacies but it is more reasonable to treat themalono- 

O 

with the Deductive fallacies becausein advancing such 
an argument our intention is to prove a proposition 
deductively and our misconception about- the nature 
of the deductive proof is responsible for such a 
fallacy. 

The Inductive fallacies cannot be properly classi- 
fied because it is very difficult to have a principle 
of classification on account of the interrelation that 
exists between the different topics of Induction, 
and also because the number of wa3'^s in which one 
can commit a mistake is so very large that it is 
practically impossible to enumerate them and bring 
them under distinct classes. These mistakes depend 
greatly on the personal equations of the individual 
beings which vary from person to person and so 
cannot be brought under one class. Besides a 
particular inductive fallacy involves differnt kinds of 
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inductive fallacies, e. g., a fallacj- of observation mav 
give rise to all kinds of inductive fallacies. Hence 
it is not possible to have mutually exclusive classes 
of fallacies in Induction. But ve can enumerate the 
principal kinds of fallacies relating to the different 
topics considered in Induction. 

2. Kinds of Inductive Fallacies. Inductive 
fallacies may be divided into Inductive non- infer- 
ential Fallacies and Inductive inferential Fallacies. 
The principal forms of the Inductive non- inferential 
fallacies are the fallacies of Observation and Experi- 
ment, the fallacies of E.xplanation, Classification, and 
Definition, These have been already considered. 

'fhe principal forms of the Inductive inferential 
fallacies are (1) the fallacies relating to Causation 
(2) the fallacies due to the misapplication of the 
Methods, (3) the fallacies of Analogy, (4) the falla- 
cies of Probable calculation, and (5) the fallacies of 
Illicit Generalisation or improper Induction. 

All these fillacies excepting the first have been 
considered at their proper places. In this chapter 
we shall consider only the fallacies relating to 
Causation which are known as Non causa pro 
causa, 

3, The Fallacy of Non Causa pro C^usa. 

Ihe Fallac 3 >- of Non causa pro causa consists in 
viewing as cause what is not a cause. If we establish 
a causal relation between A and x when there is no 
causal relation between them we commit the fallacy 
oinon causa pro causa. There are three principal 
kinds of this fallacj-, viz., 
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^ (i) The fallacy of viewing a case of co- 
existence as a case of causation, e. g., it is a fallacy 
to view scarlet colour as the cause of the absence 
of odour in flowers, because scarlet colour is found 
to co-exist with this absence of odour. Similarly it 
IS a fallacy to consider the possession of horns as the 
cause ^ of ruminating. We have seen already that 
there is a relation of succession between a cause and 
Its effect. So co-existing phenomena cannot be 
treated as cause and effect. 

(li) The Fallacy of post hoc ergo propter hoc 
The expression post hoc ergo propter hoc means after 
this, therefore, on account of this, i e., caused by 
this. In this fallacy a simple case of succession is 
^-lewed as a case of causation. But we know that 
a causal relation always implies not only succession 
but also invariability, unconditionality, and imme- 
diacy. Thus it is erroneous to view any and every 
case of succession as a case of causation. 

This fallacy is a from of non causa pro causa 
because in it we establish a causal relation where 
there is no causal relation. We are very familiar 
with this fallacy in our every day life. In Sanskrit 
it is called JTcilca t<zleea bat which comes from the 
fallacious argument that the sitting of the crow is 
the cause of the falling of the palm. The follomng 
are the instances of this fallacy 

(a) The north Bengal flood took place immedi- 
ately after the eclipse of the sun and so the people 

argued that the eclipse of the sun was the cause of 

the flood. 
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(b) Kapoleon was defeated after his Russian 
expedition and so historians concluded that his 
Russian expedition was the cause of his defeat. 
Similarly it is argued that the divorce of Josephine 
was the cause of his downfall because it began 
after the divorce, 

(c) If a case of death, misfortune or failure at 
an examination takes place in a family after the 
marriage ceremony of a young man of that family 
then the bride is wrongly believed to he the cause 
of the death, misfortnne, and failure. Similarly it 
is a fallacy lo believe that a j)erson missed the 
train because he saw on his way to the station the 
face of a miserly person. Though such arguments 
are fallacious yet the lives of most of the people are 
being governed by such ar,,,uments. Such argu- 
Tiients and argument urn ad hacxdum will become in 

future more prevalent on account of the fact that 
many students and citizens fail to take interest in 
Logic and Philosophy and even reputed philosopheres 
are casting doubt on the logical method of enquiry. 

(hi) The fallacy of viewing a condition as 
the enivTC catisc of a 'planomenon^ I^^e invariably 
argue that the cutting of the string of a picture is 
the cause of the falling of the picture becauce when 
the string is cut it invariably tails to the gronnd 
though we know that there are other necessaiy 
conditions, viz., gravity. As we do not know when 
the effect of gravity will be manifest and when the 
string will be cut B. Russel wants to describe all 
laws of nature as tendencies. 
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The follomng are also the forms of non causa 
2yro canscL : — 

(i) We commit the fallacy of non causa pro 
causa when we assign a cause to a thing which is 
not a- concrete events, as for instance we shall 
commit this fallac^^ if we saj’^ that the equality of 
the two arms of an isosceles triangle is the cause 
of the equality of the basal angles. Geometrical 
relations can have reasons but no causes. 

(ii) The fallacy of transcendent inference or 
transcend'CntaJj fallacy. The events happening in 
the universe have causes but if we proceed from the 
causes of these events to the cause of the universe 
as a whole we commit thia fallacy, i. e., we apply 
causation to a sphere which lies beyond its scope. 
The inductive inference of the first cause and its 
identification with God on inductive ground involves 
this transcendental fallacy. 

(iii) We commit the fal'acy of non causa pro 
causa Avhen two causally" connected events are 
Auewed as independent pheonmena. The prosperity 
of towns is determined by the presence of great 
navigable rivers. So we commit this fallacy if we 
maintain that it is a matter of chance that great 
rivers ptist great towns. 

fiv) We commit this fallacy when wc treat a 
/emote event as the true cause of a phenomenon^ . 

e, g., Napoleon’s Russian expedition is Avrongly 
beheved to be the cause of his defeat though there 
was, a great interval of time between the two . It 
should be borne in mind that the cause is an imme- 
diate antecedent of an event. 
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(v) We commit this fallacy when we treat 
co-effects as cause and effect. We know that the 
flow tide and the ebb tide are produced by the 
attraction of the moon and the sun, and so we 
commit this fallacy if we view one of them as the 
cause of the other. 

(vi) We commit this fallacy when we overlook 
the negative conditions. If we treat 212'’ F. H. as 
the cause of the boiling of water we shall commit 
this fallacy because here we overlook the fact that 
the pressure of the atmosphere must not be greater 
than that at the sea level. 

(vii) We commit this fallacy when we neglect 
the collocation or establish causal relation between 
two phenomena which are quantitatively inadequate 
in relation to each other. For this reason it is a 
fallacy to treat the murder of the Grown Prince at 
Serajivo as the cause of the great European war. 

(viii This fallacy is also committed when we 
neglect the possibility of the plurality of causes as 
when we admit the efficacy of the rod in the forma- 
tion of character and intelligence. 

This fallacy is often extended to the inaccurate 
and imperfect determination of the effect. When 
an irrelevant consequent or a variable consequent 
is viewed as the effect we are said to commit this 
fallacy of non causa pro causa. When a part of 
the effect is viewed as the total effect or a remote 
consequent is viewed as the effect we commit this 
fallacy. We also commit this fallacy ’when we treat 
the effect as the cause as when ive treat sleepless- 
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ness as the cause of headache though as a matter 
of fact headache might be the real cause of sleep- 
lessness. Similarl}’’ if "we 6nd that Wo phenomena 
are related in such a fashion that each one of them 
is capable of producing the other then we shall 
commit this fallacy if we treat any one of them as 
the cause of the other. 

Thus the mutualitj* of cause and effect involves 
the fallacy of 'i^on causa pro causa. It is also a 
fallacy “to demand greater exactness in the estimate 
of causes or effects than a given subject admits of.” 
The logical cause is an ideal cause and as such it 
can hardly be realised in non-mechanical sciences. 
Hence it will be a fallacy on our part to demand 
exact logical causal relations in non-mechanical 
sciences such as Biology, Psychology, vSociology and 
Politics. In these sciences we can have only appro- 
ximate ge neralisations. 


4. Exercisesi 

Hints : In examining an argument it should be, 
first of all, rigidly reduced to the logical form and 
then the nature of argument should be stated, i e., 
its name should be given. Then' the name of the 
fallacy, if any, should be given, and lastly the 
reasons for which the argument involves the fallacy 
should be clearly stated. In order to arrive at the 
central thought of an argument it should be care- 
fully read several times. 
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1. Test the validitj of the following arguments 
naming the fallacv, if any, and stating the reasons 
in each case : — 

(a) The eating of mangoes is the cause of boils. 

(b) The mind must be a function of the brain, 
since any serious injury to the brain is always foll- 
owed by loss of consciousness. 

(c) The flood was evidently due to the wrath 
of the goddess, since it begen immediateh' after 
she had been slighted, and it subsided as soon as 
she was propitiated b}' sacrifices. 

(d) A conjuror produces wonderful results by 
different tricks on different occasions, taking care to 
wave his wand each time, therefore, the waving of 
the wand is the cause of the wonderful results. 

(e) The University is the Temple of Learning 
therefore Politics has no place in it. 

2. Test the validity of the following argu- 
ments, naming the fallacy, if any, and stating rea- 
sons in each case : — 

(a) The terror ceased immediately on the death 
of Robespierre ; therefore Piobespierre was the 
cause of the terror. 

(b) States that have grown outrageously luxu- 
rious have declined in pcwer. Hence we conclude 
that luxury was the cause of their downfall. 

(c) Wines cannot be injurious to health, for 

if it had been so the doctors would not have pres- 
cribed it. ^ 

(d) Women as a class have not hitherto been 
equal to men ; therefore, they are necessarily in" 
ferior to men. 

(e) Education is clearly the source of ' all discon- 
tent, since the educated not getting suitable em- 
ployment, are dissatisfied with their lot, 

(f) Scarlet poppies, scarlet verbenas, the scarlet 
hawthorn, and honey-suckle are all odourless j 
therefore we may conclude that all scarlet flowers 
are destitute of odour. 
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(r) It has been found that linnets when shut up and 
educated with singing larks— the skylark, woodlark 

or tit lark— will adhere entirely to the songs of these 
larks, instead of the natural song of the linnets 
e may infer therefore that birds learn to sing by 
imitation and their songs are no more innate than 
language in man. 

founder of modern anatomy 
found that the human thigh bone was straight 
and not curved, as Galen. 'the great authority^L’ 
the subject for over a thousand years, had asserted 
Sylvius replied that Galen must be right : that 
the bone was curved in its natural condition, but 

Inl if time hud 

rnauG it artificially straight. 

r\ birds, for they have wings, 

Lo ^ 1 , ^“fortunately all the men ivith whom I 
ye been acquainted are selfish ; how then can I 
resist the conclusion that the men are selfish ? 

(k) The anatomical resemblance between men 
and apes is marvellous, and from such resemblance 

jve can safely conclude that men are descended 
irom apes. 

(l) My friend must be a genius, for he has 
many eccentricities, as all geniuses have. 

(m) The Professor toust be o very learned 

w"’ Tu® '“'rd that rery 

lew understand them. ^ 

Green colour is found only in the surface 
repon of plants. If one cuts across a living bwig or 
into a cactus body, the green colour will be seen only 
in the Quter part of the section. Hence the green 
colour of plants holds some necessary relation to 


(e) • Tyndall found, that of twenty seven steri- 
lised flasks containing infusion of organic mattei- 
and opened in pure Alpine air, not one showed 
putrefaction ; while of twenty three similar flasks. 
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opened in n hnyloffi, only two remnined free from 
putrefaction after three dayp. He concluded that 
putrefaction is due to floating particles in the air. 

(p) The non-co-operators should nc't boycott 
the University, for their loaders are educated men. 

(q) The reforms have given a death blow to 
Bolshevism in India for the people ane now looking 
forward to a better state of things 

(r) We should not mourn the death of eminent 
men, for by the law of the survival of the fittest, 
those that are still alive must be fitter and better 
than those that are gone. 

(;=) Oh, I should give the whole world for 
peace of mind for that is really valuab'e. 

(t) I do not consult physicians, for those that 
do so also die. 

(u) This man must be the thief, for 
he was in the room whence the article has’ been 
stolen and he came out as soon as I entered the 
room. 


(v) How glad am I at your success which I 
really anticipated ! Ts it not meet, therefore, that 
)'ou should give me some reward ? 

(w) \V hat better e.vplanation can you give of 
the fact that we can see through glass than that 
It IS transparent. 

(x) Ihe j:;reat war was follo\Yed b}' an out 
break of epidemic disease, therefore, the w'ar may 
be taken to be the cause of these diseases 


(y) The number of deaths per annum in 
Oa cuttais greater than in Nagpur. Therefore 
Oalciitta 13 more unhealthy than Nagpur. 

(z) One of the sailors rescued wore an amulet 
and this was no doubt the cause of his escape. 

3. Examine the followdng arguments : 

(a) We should thiuk it a sin and a shame 
u a great steamer dashing across the ocean were 
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not brought to a stop at a signal of distress from 
a mere smack... and yet a miner is entombed alive 
a painter falls from a scaffold, a brakemaii is cru- 
shed in coupling cars, a merchant fails, falls ill and 
dies and organised society leaves widow and child 
to bitter want or degrading alms. 

(b) During the retreat of the Ten Thousand 
a cutting north wind blew in the fece of the sol- 
diers. Sacrifices were offered to Boreas, and the 
severity of the wind immediately ceased, which 
seemed a proof of the god’s causation. 

(c) It is known by direct experiment' that for 
any given degree of temperature, only limited 
amount of water can remain suspended as vapour, 
and this quantity grows less and less as the tempe- 
rature diminishes. Therefore if there is already 
as touch vapour suspended as the air will* contain 
at its existing temperature, any lowering of the 
temperature will cause necessarily a portion of the 
vapour to be condensed as dew. 

(d) He must be an excellent man in all res. 
pecbs, for I have been favourably impressed by his 
actions. 

(e) ^ Punishment must have some other and 
higher justification than the prevention of crime, 
for if punishments were only for the sake of 
examples it would be indifferent whether 
we punished the innocent or the guilty, 
since the punishment considered as an 
example is equally efficacious in either case. 

(f) Moisture bedews a cold metal or stone when 
we breathe on it. The same appears on a glass of 
ice-water and on the inside of windows when sudden 
lain or hail chills the external air. Therefore when 
an object contracts dew it is colder than the 
surrounding air. 
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(g) With various kinrls of polished mefeals no 
dew is deposited : but with various kinds of polished 
glass dew is deposited. Therefore the deposit 
of dew is affected by the kinds of substances ex- 
posed. 

(h) We observe very frequently that very 
poor handwriting characterises the manuscripts 
of able men, while the best hand writing is fre- 
quent with those who do little mental work when 
compared with those whose penmanship is po-n*. 
We may. therefore, infer that poor penmanship 
is caused by the influence of severe mental labour. 

(i) The mind must be a function of the brain, 
since any serious injury to the brain is followed 
by the loss of consciousness. 

(j) Education is clearly the source of all dis- 
content since the educated, not getting suitable em- 
ployment are dissatisfied with their condition of 
life. 

(k) The great famine in Ireland began in 1845, 
and reached its climax in 1848. Duiing this time 
agrarian crime increased very rapidly until in 1848 
it was more than three times as great as in 1845. 
It is evident from this that a clcse relation of cause 
and effect exists between famine and agrarian crime. 

(l) So far as my experience goes, A has been 
invariably preceded by B, I therefore conclude 
that B is the cause of A. 

(m) A habitual drunkard who studied hard 
fei the army in his ycuth has pot shalterrd nerve.«, 
therefore, the cause of his shattered n rves is his 
hard study in youth. 

(n) Opium causes sleep because it has a sopo- 
rific virtue. .... 

(o) Since it is just to take interest, it is right 

to exact it from one’s own father. 

(p) We see the sun rise and set every day, 
therefore, the sun does actually rise and set. 
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f in the parents is not the cause 

of unhealthmess in the children because manrur. 
healthy persons have perfectly healthy children.^ ^ 

psopjs of England are wealthy because 
they are industrious, 

(s) As soon as I sat down to study this morn 
mg, the man in the adjoining room began to pUy 
on the harmonium. He must, therefore, be a ler^ 
nialicious person. ^ 

■ patent medicine must be very effica- 

cious for all the testimonials speak of the marvel- 
lous cure effcted by it. marvei 

(u) We ought not to go to war, because it is 
wrong to shed blood. => lo is 

f E. Therefore it will 

fieeze at 32 F at this time next year. Explain the 
logical chciractei* and the value of this 

(w) It is a common hypothesis in Bengal that 

lailway embankments are causes (proximate or 
remote) of Malaria. What logical processes wouffi 
be required to prove or refute this hypothesis ? 

Yesterday the smoke of the chimneys ten- 
ded to mnk downwards and it rained in the^ after- 
noon : Can any connexion be inferred from this ? 

(y) When Crusoe saw the print of a bare foot 

h«d r savages 

had landed on his island. Give a logical analysis 
of Crusoe’s thought. 

(z) Induotiou aa understood by Aristotle was 
reducible to this form :-A, B, 0, etc., are mortal : 

A, B, O, etc., are men, there/ore Men are mortal. 
Examine fully the reasoning here exhibiting its 
real form and value. s ^ ^ 

4. Test the following arguments ; — 

(a) You believe that dirajuddaula took Calcutta 
liom the English in 17o6 : state on what grounds 

do you believe this proposition, and exhibit their 
logical character. 
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(b) It is a popular belief that there ^vilI be 
a change of weather at new moon. What logical 
process would be required to establish the validity 
of this belief ? 

tcl A bell struck in vacuum gives no sound ; 
therefore sound must be a movement of the atmos- 
phere. Exhibit the logical character of the rescuing 

here. 

(d) When beggars die there are no comet 
seen ; the heavens themselves blaze forth the death 
of princes. Characterize logically the grounds of 
this belief. 

(e) Every man who has seen the world knows 
that nothing is so useless as a general maxim. Es- 
timate this logically, pointing out what would be 
necessary for logically establishing this proposition. 

(f) The more the number of pools of stagnant 
water in a district is reduced the rarer does' the 
occurrence of malarial fever become. , What conclu- 
sion can be drawn from the above statement ? 
State the reasoning implied in its full logical form, 
exhibiting the logical method applied in it and 
estimate the logical value of the inference. 

(g) We think that as civilization increases 
poetry almost necessarily declines. Therefore 
though we fervently admir those . great works of 
imagination which have appeared in dark ages, we do 
not admire them more because they have appeared 
in dark ages. State in logical form the reasoning 
involved and test it fully. 

(h) “I have noticed”, says Meng Tsien, “that 

in years of plenty many good actions are done, and 
in years of scarcity many bad actions are done, 
What is the inference evidently implied here ? Ex- 
press it in simplest form, ■ showing under which of 
. the logical methods it falls, and .indicate its' logi- 
cal ikilue as inference. I .jfj 
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(i) What kind of Logic is applied by (i) the 
engineer when he is designing a new bridge ? the 
physician when he is prescribing a particular medi- \ 
cine to a patient, and (iii) the legislator, ;when he 

IS introducing a new law ? Give reasons for vour 
answer. 

(j) An eclipse of the sum will occur when 
the^ moon intervenes between the earth and the 
sun ; ‘an eclipse of the sun will occur when some 
great calamity is impending over mankind’. Examine 
the logical grounds and comparative validity of the 
above two propositions. 

(k) All_ arsenic is poisonous; the substance 
36 ore me is arsenic ; it is, therefore, poisonous, 
^xplain the logical process underlying your belief 
in the major preihise, your belief in the minor 
premise and the conclusion drawn, 

(l) Napoleon’s Kussian expedition was the 
cause of his dawnfall. Explain .the fallacy here. 

5. ^ E xplain the form of resoning, deductive or 
inductive or both, implied in the following proposi- 
tions, indicating the' preinises of conclusion left 
unexpressed, knd .estimating .the value of resoning:— 

(a) T he sun will rise to-morrow morning. 

■ (b) The lower .animals feel pain just as we do. 

(e)^ He will die within a few hours ; he has 
.been bitten by a cobra. ' 

(d) Intermittant fever is found .'only in place.? 
where there are marshes, .even though they differ 
in every other respect. 

* ' f 

, (e) The factory commissioners say in their 
ireport : The past and present .conditions of work 
in factories jare undoub’tedly calculated to 'cause 
physical deteribratidn ; and we are struck with' The 
marked: absence of elderly • inen tirnong the'bpdra- 
\ti.veg.. . 
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6. Test the following : — 

(n) The Evolution theory must be true, for it 
has support of able thinkers. 

(b) England has a democratic government ; 
therefore India should have a democratic govern- 
ment, 

(c) Able men have generally bad hand-writing 
as is freqently found in men doing little mental 
work. Hence it is inferred that mental strain is 
the cause of poor penmanship, 

(d) Malaria is found only in places where there 
are mosquitos. Mosquito, therefore, is the cause 
of malaria. 

(e) Last year, the monsoon broke about the 
middle of June ; this year, therefoie, we will have 
monsoon the same time. 

(f) Crows are black, because crows observed 
till now have been found to be black. 

(g) Logic is .useless because men who know 
Logic fail in examination. 

(h) If a little economy would save half of our 
expenses, a still greater economy would certainly 
save all. 

(i) June will be the'Lottest month this vear, 
because it was so last year. ■ 

(j) Mercury in the barometer is the cause of 
changes in whether, because the greater the fall of 
mercury the greater the disturbance of weather. 

(k) ^ Aisenic causes death because it has a mor- 
tal quality. 

(l) Countenance^ of slavery was the cause of the 

collapse of Greek civilization, ’ ' 

(m) The whole family has been vaccinated 
yet some have had small pox. It is clear, thcre- 
.fore, that vaccination is no safeguard, 

(n) There is no use tiying for any “thing for 
•what IS fated must happen. 
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dosl°lJdt”°‘ (or those that 

V A farmer found that his orchard had been 

robbed. He borrowed for two nights a dog from a 

Tu^'Fl’ each^ morning 

that his orchard had been robbed again • he then 

procured a dog from a distance and found that no 
the that 

the cottager had been concerned in the theft. 

for P ” generals have been remarkable 

or the excellence of their commissariat ; ganerals 
w 0 have failed have not been successfuk in this 
lespct Iherefore attention to commissariat is 
an indispensable function of a successful general. 

T7 r\ Polish aliens must displace 

English labour in London, for they do not become 
chargeable to the rates as would otherwise be the 

Cfl.SG. 

(s) The True, the Good and the Beautiful 
are inseparable. cauuuui 

+1. blodmde of Germany was the cause of 

the downfall of that country in the great world w^ar 
(u) Plato says that the circular orbits of the 
heavenly bodies must be the work of a good God 
because circular motion is the best. 




